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WILLIAM    SMITH    SAVIOR. 

Mr.  Sayei-  was  born  on  a  farm,  called  the  "Saver  Honieslead,"  near 
Wayne.  I)uPa<j,e  connty.  Illinois,  January  13tl!,  ISKi.  From  eliildhood 
to  his  "Academy  days"  he  passed  on  the  fai-m.  He  received  no  other 
schoolini»-  dnrinj^  the  tirst  ten  years  of  his  life  than  that  furnished  l)y  a 
companionable,  intelligent  mother,  who  directed  his  studies.  After  his 
tenth  year,  he  attended  the  country  school  till  he  entered  the  "Elgin 
Academy"  in  1S92.  Three  years  later,  he  gradual ed  from  the  Academy 
and  entered  P.eloit  College. 

His  college  days  proved  a  formative  stage  in  his  career  by  developing 
within  him  a  taste  for  the  association  of  a  college,  fl-iends,  study,  cul- 
ture— all  the  features  which  are  constituents  of  a  college  atmos]»here 
— and  a  basic  and  intuitive  love  for  his  home.  His  home  became  the  re- 
treat for  his  college  chums,  his  mother,  their  foster-mother.  Both  col- 
lege and  home  were  linked  together  in  his  mind  and  in  his  life,  as  in- 
sejjarable  suj)iJorts  to  action.  Throughout  his  career,  these  two  factors 
were  prominent,  even  foremost.  His  graduation  from  Beloit  occurred 
in  1899.  And)ition  of  a  noble  type  was  aroused  in  him,  and  instigated 
by  his  parents,  he  undertook  special  work  in  the  University  of  Chicago, 
choosing  bacteriologv  and  chemistrv  for  his  chief  lines  of  studv.  In 
1901  he  Avas  ])laced  in  charge  of  a  lalwiratory  at  Grafton,  Illinois,  by 
Dr.  E.  O.  Jordan;  for  the  ]mrpose  of  exanuning  the  waters  of  the  Chicago 
Drainage  Canal.  With  the  discontinuance  of  this  work  in  January, 
1902,  he  returned  to  the  University  to  pursue  the  course  of  study,  he 
had  begun,  until  the  autumn  of  1902.  At  this  time,  he  quit  the  T^ni- 
versity,  but  before  leaving  he  had  completed  all  of  his  work,  except  the 
thesis,  for  his  doctorate  degree.  He  entered  the  employ  of  the  Kennicott 
Water  Softener  Company  as  a  chemist.  He  remained  with  this  firm 
for  four  years,  and  in  the  s])ring  of  1907  he  was  called  to  the  Bacteri- 
ological Laboratory  of  the  Michigan  Agricultural  College  to  undertake 
research  work.  His  attention  was  at  first  centered  upon  the  "Keeping 
Qualities  of  Butter,"  and,  conjointly  with  Dr.  Otto  Rahn  and  Miss  Bell 
Farrand,  issued  the  results  of  the  first  year's  investigations  in  bulletin 
form    from    the   Exijeriment    Station. 

All  of  his  training  directed  his  tastes  into  the  field  of  soil  investiga- 
tions. It  became  possible  for  him  to  satisfy  his  desires  with  the  de- 
parture of  Prof.  Walter  O.  Sackett  for  Foil  Collins,  (\ilorado.  Mr. 
Sayer  picked  up  the  thread  where  Mr.  Sackett  dropjted  it,  and  centered 
all  of  his  force  in  this  work. 

Mr.  Sackett  also  turned  over  the  office  of  Secretary-Treasurer  of  The 
Michigan  Academy  of  Science  to  him  at  the  same  time,  with  the  con- 
sent of  the  council.  At  the  annual  meeting  of  the  Academy,  he  was 
again  made  Secretary-Treasurer,  as  a  recognition  of  his  faithful  and 
efficient  services. 

While  canoeing  on  the  Red  Cedar  river,  a  sport  very  fascinating  to 
him,  on   the  'MHh   of  April.  1909,   he  was    thrown    into    the    river    and 
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drowned.     Two  weeks  later,  his  body  was  found  and  buried  from  his 
home  in  "Little  Woods  Cemetery,"  Wayne,  Illinois. 

Mr.  Sayer  was  careful  to  painstaking-,  very  systematic,  and  patient. 
No  truth  was  too  homely  for  him ;  he  Avished  no  garnishments  to  cloak 
the  facts.  Therefore,  what  he  did  was  honestly  done  and  what  he  said 
was  ti'ue,  so  far  as  he  cotild  determine.  Such  were  the  strong  character- 
istics of  the  man. 

W.  J.  Beal, 

Charles  E.  Marshall, 

Committee. 


CHARLES  FAY  WHEELEK. 

Charles  Fay  Wheeler  was  born  June  14.  1842,  at  ^lexico,  Oswego 
county,  New  York ;  died  at  (leorge  Washington  Hospital  in  Washing- 
ton, D.  C,  March  5th,  1910,  and  was  buried  in  xlrlington  Cemetery. 

He  graduated  from  the  Academy-  at  Mexico,  near  where  he  was  born, 
and  enlisted  in  October  ISOl,  as  a  private  in  Company  B,  Seventh  Regi- 
ment of  the  New  York  ( lilack  Horse)  Cavalry;  was  mustered  out  in 
March  31,  1802.  He  again  enlisted  Augaist  20th,  18G2,  in  Company  F. 
147th  Regiment  of  New  York  lufantn',  to  serve  three  years  but  was 
discharged    March    21st,    1808,    by    reason    of   disability. 

L^nable  to  work,  he  lived  in  the  woods,  tields  and  marshes  for  a  year 
or  more  and  with  Gray's  Manual  of  Botany  studied  plants  and  to  a 
great  extent  regained  his  health.  In  1866-67  he  spent  one  year  in  the 
Medical  Department  of  the  LTniversity  of  Michigan.  He  then  settled 
in  Hubbardston  and  for  22  years  conducted  a  drug  and  book  store, 
sjiending  much  of  his  time  among  his  beloved  plants.  On  March  4th, 
1800,  he  was  married  to  Catherine  T.  Holbrook  of  OakhauL  ^lass. 

During  all  these  years  as  a  merchaint  he  continued  his  study  of  the 
local  tiora  in  which  he  became  very  proficient,  devoting  much  time  also 
to  reading  vahuible  botanical  works. 

In  the  spring  of  1889,  Mr.  Wheeler  Avith  Professor  L.  H.  Bailey,  then 
Professor  of  Horticulture  at  the  Agricultural  College,  two  students  and 
the  Avriter,  the  jiarty  si»ent  two  weeks  in  a  botanical  trip,  passing  across 
the  state  from  Harrisville  in  Alcona  county  to  Frankfort  in  Benzie 
county.  During  his  stay  in  Hubbardston,  he  had  collected  a  herbarium 
of  over  7.000  plants  which  later  became  tlie  property  of  the  Agricultural 
College.  In  1889,  he  Avas  elected  instructor  at  this  College,  taking 
studies  enabling  him  to  graduate  in  1891  Avith  the  degree  of  B.  S., 
which  Ccdlege  granted  him  the  honorary  degi'ee  of  D.  Sc.  in  May  1907. 
He  became  assistant  I'rofessor,  in  all  spending  eleAen  yeai*s  before  ac- 
cepting a  position  in  the  United  States  Department  of  Agiiculture  Avhere 
he  soon  found  his  ])lace  in  identifying  ])lants  for  several  departments 
of  the  Government  in   Washington. 

While  at  the  Agiucultural  College,  he  spent  much  time  in  collecting- 
plants  for  the  herbarium  in  Avhich  he  Avas  intensely  interested.  Previ- 
ously,   in    company   Avith    ErAvin    F.    Smith,   they   i)ublished    a    Flora    of 
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Micliigau  in  1881  aud  later  with  Dr.  W.  J.  Beal  another  edition  of  the 
Flora  was  published,  in  1901  in  the  Report  of  the  State  Board  of  Agi-i- 
eultiire. 

At  the  college  he  was  active  in  organizing  and  sustaining  a  botanical 
club  and  never  tired  of  arousing  interest  and  assisting  students  in  his 
favorite  pursuit.  He  was  well  read  and  with  a  retentive  memory  was 
able  to  impart  much  information  on  a  great  variety  of  topics.  He  had 
friends  everywhere,  hosts  of  them.  He  was  one  of  the  organizers  of  the 
State  Academy  of  Science  in  1892  and  was  chairman  of  the  Section  in 
Botany  in  1902. 

Dr.  Wheeler  leaves  a  wife  and  two  daughters,  Mrs.  Dick  J.  Crosby  of 
Washington   and   Mrs.   George   X.   Eastman   of   ("alifornia. 

DK.  W.  J.  BEAL. 


COMPLETE  LIST  OF  PAPERS  AX'D  ADDRESSES  PRESENTED  AT 

THE  SIXTEENTH  ANNUAL  MEETING  OF  THE  MKJH- 
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1.  Address  of  the  President,  An  Outline  of  the  History  ol  tlie  Great 
Lakes,  Professor  Frank  Leverett. 

2.  Report  ujvon  the  ProgTcss  of  the  Biological  Survey  of  Michigan, 
Dr.  A.  G.  Ruthven. 

3.  The  Humanistic  Content  of  Biology.     Dr.  E.  R.  Downing,  North- 
ern Normal  School. 

4.  High    School    Requirements   in   Biology.     Prof.   W.   E.    Praeger, 
Kalamazoo  College. 

5.  What  Training  Should  be  Required  for  High  School  Teachers  in 
BiologA'.     Dr.  F.  C.  Newcoml)e,  Fniv.  of  Michigan. 

6.  Plant  Excretions.     Dr.  J.   B.  Dandeno. 

7.  Studies  in  Soil  Nitrogen.     Mr.  C.  S.  Robinson. 

8.  Seeds  New  to  Michigan  Recently  Received  with  Seeds  of  Clover 
and  Grasses.     Dr.  W.  J.  Beal. 

9.  Sterilizing  Seeds.     Dr.  Richard  de  ZeeuAv. 

10.  I*oultry   Husbandry   Experimentation.     Mr.  H.  L.   Kemi>ster. 

11.  Changes  in  Casein  in  Storage  Butter.     Mr.  C.  W.  Brown. 

12.  *The  Production  of  Agglutinins  for  B.  Cholerae  Suis  in  the  Blood 
of  Normal  and  Immune  Pigs.     Dr.  W.  Giltner. 

13.  Notes  on  ^Michigan  Reptiles  and  Amphibia.   II.     A.  G.  Ruthven. 

14.  Some  New  Light  on  the  Development  of  Reptilia.     E.  C.  Case. 

15.  Variation   in   Lymanaea  reflexa,   Say,   from   Huron   County.     H. 
Burrington  Baker. 

16.  The  Crustacea   of  ^lichigan.     A.   S.  I'earse. 

17.  Preliminary  Report  on  the  Anatomy  of  Physa  gyrina.   Say.     H. 
Burrington  Baker. 

18.  Notes  on  the  Distribution  of  the  Unionidae  of  North  America. 
Brvant  Walker. 


♦Published  as  Technical   Bulletin  3  of  the  Michijran   Experiment   Station. 


IG  TWELFTH   REPORT. 

19.  Regeneration    in    the   Nerves   of  Canibarus.     H.   M.   Macrurdv. 

20.  A   Coutribntion   to  the  Theory  of  Binuelearity    ( hinteru   slides), 
R.  W.  Hegner. 

21.  Tlie  Origin  and  Meaning  of  the  Second  Pohir  Body.     Chas.  R. 
BaiT. 

22.  On   Two   Abnormalities   in   the  Craytish.      Lncia   Harmon. 

23.  The  Rotary  Power  of  Extracts  of  the  Bodies  of  Snails.     Elliot  R. 
Downing. 

24.  The  Formation  of  Habit  at  High   Speed.     O.  C.  Glaser. 

25.  Notes  on  Some  of  the  Rarer  Species  of  Michigan  Birds.     Walter 
B.  Barrows.     ■ 

26.  Methods  of  Photographing  Birds  ( lantern  slides ) .  R.  W.  Herger. 

27.  A   Simple  Cooling  Device  for   Use  with   the  Microtome.     O.  C. 
Glaser. 

28.  A   Word   on    Double   Embryos.     O.   C.  Glaser. 

29.  The  Theory   of   ^limicry    (lantern   slides).     Jacob   Reighard. 

30.  The   University    Biological    Station   at    Douglas    Lake     (lantern 
slides).     Jacob  Reighard. 

31.  A   Further   Report   on    the   I'earl    Organs   in    ^linuows     (lantern 
slides).     Norman  H.  Stewart, 

32.  The  Pearl  Organs  of  American  Minnows  in  their  Relation  to  the 
Factors  of  Descent   (lantern  slides).     Jacob  Reighard. 

33.  Some  Methods  of  Studying  Vision  in  Fishes,  with  Demonstration 
of  Apparatus.     Crystal  Thompson  and  Mary  Axt. 

34.  A  Remedy  For  the  Black  Fly  Pest  in  the  Southern  Peninsula  of 
Michigan.     Cora    D.   Reeves. 

35.  Experiments  on  the  Role  Played  by  Odors   in  Determining  the 
Behavior  of  Bees.     Max  Peet. 

36.  Variation  in  the  Genus  of  Snakes,  Regina.     Chas.  W.  Obee. 

37.  Mimicry  in   Tabanus  Atratus.     S.  D.   Magers. 

38.  The  Mendeliau   Law  Demonstrated  By  the  J)omestic  Fowls.     S. 
D.  Magers, 

39.  Another  Nectria   Associated   with  Fusarum.      ( 10   min. )      J.   B, 
Pollock, 

40.  Further  Observations  on  the  life  History  of  Puccinia   malvace- 
orum,     (15  min.)     J.  B.  Dandeno. 

41.  A  Wide-spread  Error  Concerning  the  Identity  of  the  Cortinarius 
collinitus.      (10   min.)    C.   H.   Kautfman. 

42.  Unreported  Michigan  Fungi  for  1909.     (5  min.)     C.  H.  Kauffman. 

43.  The  Distribution   of   Mushrooms   at   Negaunee,    Mich,    (10   min,) 
Rose  M,  Taylor, 

44.  Placentation  in  the  Liliaceae,      (15  min.).    C,   E,  Temple, 

45.  Sodium  Silicate  as  a  Mounting  Medium,  (10  min,)  J.  B.  Dandeno. 

46.  The  Prothallia  of  the  Ostrich  Fern  in  their  Relation  to  the  Nitro- 
gen Supply.      (10  min.)     Elizabeth  D.  Wuist, 

47.  Some  Attemjjts  to  Distort  the  Mitotic  Figure  in  the  Root-tips  by 
Means  of  Magnetic  Force,      (15  min.)      Elliott  R  Downing. 

48.  On  the  Relation  of  the  Impervious  Layer  to  Plant  Distribution. 
(10  min.)      Geo.  I*.   Burns. 

4!>.     The   Development  of   Plant-Societies   in    Drained   Glacial   Ponds. 
(20  min.)     LeRoy  H.  Harvey, 
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50.  Xotes  on  the  Yellow  Adders-tongue.     (10  miu.)     O.  A.  Farwell. 

51.  Ecological  Notes  from  the  Wasatch  Mts.,  near  Logan,  Utah.  (20 
min.)      Illustrated  with  Lantern.     W.  E.  Praeger. 

52.  Forest  Successions  on  Isie  Royale,  Michigan.  (20  min.)  Illus- 
trated with  lantern.     Wm.  S.  Cooper. 

53.  The  Identity  and  Inheritance  of  Certain  Teratological  Characters, 
and  their  Bearing  upon  Recent  Theories.  (20  min.)  Illustrated  with 
lantern.     Henri  Hus.  ^ 

54.  Methods  Employed  in  the  Production  of  Graft-hj'brids.  (5  min.) 
N.  AT.  Scherer. 

55.  Experiments  for  the  Production  of  Graft-hybrids.  (5  min.)  C. 
P.  Cronk. 

56.  The  Present  Status  of  the  Graft-hybrid  Question.  (10  miu.) 
Henri  Hus. 

57.  The  Proposed  Medicinal  Garden  of  the  University  of  Michigan. 
(10  min.)      Henri  Hus. 

58.  Some  Observations  made  at  Douglas  Lake,  Mich.  (10  min.) 
Fred  A.  Loew. 

59.  Bleached   Flour.     Frank   L.   Haley. 

60.  The  Ann  Arbor  Water  Supply.     R.  S.  Buzzell. 

61.  The  Anti-Tuberculosis  Crusade  in  Detroit.     V.  C.  Yaughan,  Jr. 

62.  Infection  of  Rats  witii  Leishmania  Infantum.     Paul  A.  Schule. 

63.  The  Transmission  of  Infectious  Diseases.     Guy  L.  Kiefer. 
61.     Recent  Observations  on  Rabies.     James  G.  Cumming. 

65.  The  Amount  of  Caftein  in  Coffee,  Tea  and  Other  Beyerages.  Miss 
Pauline  Wurster. 

66.  Parenteral   Administration   of   Proteids.     Yictor   C.  Yaughan. 

67.  A  New  Filterable  Yirus.     F.  G.  Novy  and  W.  A.  Perkins. 

68.  The  Usefulness  of  Curves  in  the  Interpretation  of  Microbial  and 
Biochemical  Processes.     Otto  Rahn. 

69.  Testing  of  Bacterial  Filters.     W.  A.  Perkins. 

70.  Some  Physical  Properties  of  Diphtheria  Toxin  and  Yenom.  Dr. 
Steinhardt.     (Read  by  title). 

71.  Staphylococcic  Infection  of  a  Cow's  Udder  Treated  with  a  Bac- 
terial Yaccine.     Lawrence  T.  Clark. 

72.  Existing  Continental  Glaciers.  (30  minutes.)  -  (slides.)  W.  H. 
Hobbs. 

73.  Earthquakes  in  Michigan.     (10  minutes.)     W.  H.  Hobbs. 

74.  Extinct  Mammals  of  Michigan.      (10  minutes.)    X.  H.  Wood. 

75.  A  Filled  Lake  Yalley.     (15  minutes.)      (slides.)     A.  E.  Parkins. 

76.  Minor  Cities  of  Michigan.     (15  minutes.)      M.   S.  W.  Jefferson. 

77.  Evidences  of  Secondary  Concentration  of  the  Iron  Ores  of  the 
Iron  River  District  of  Michigan    (30  minutes.)     R.  C.  Allen. 

78.  GeogTaphic  Units  of  I'pper  Peninsula  of  Michigan  (30  minutes.) 
L.  H.  Wood. 

79.  The  Contour  of  the  Sylvania  Sandrock  and  of  the  Anderton  Beds 
in  the  Detroit  River  Area  of  the  Cincinnati  Anticline  (30  minutes.) 
Thomas  Xattress. 

80.  The  Late  History  of  the  Lake  Superior  •  Region  (15  minutes.) 
Frank  Leverett. 

81.  The  Distributions  of  the  Elements   (15  minutes.)     E.  H.  Kraus. 
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82.  Soil  striping  in  Cold,  Hnuiid  Kegions  and  a  Kindred  Phenome- 
non  (10  minutes.)     W.  H.  Hobbs. 

83.  Restoration  of  Two  Permian  Animals  (15  minutes.)     Slides.    E. 
C.  Case. 

84.  *Diabase  of  the  Cobalt  Silver  District  (20  min.)     R.  E.  Hore. 
'85.     On  the  Origin  of  the  Huronian  Conglomerate  of  Nipissing,  On- 
tario.    (20  min.)     R.  E.  Hore. 

subject:     the  increased  cost  of  living. 

I,     The  Situation. 

86.  Paper  by  Wilbur  O.  Hedrick,    of    Michigan    Agricultural 
College. 

II.     Causes  and  Remedies, 

87.  Monetarv  Conditions — Jas.  E.  Mitchell,  of  Alma  College. 

88.  Labor  Conditions — Lewis  H.  Hauey,  of  the  University  of 
Michigan. 

89.  Monopoly  and  the    Tariff — Frank    T.    Carlton,  of  Albion 
College. 

90.  Other  Industrial   and   Social    Conditions — Edw.   D.   Jones 
of  the  Universitj-  of  Michigan. 

III.     General  Discussion. 

Opened  by  Edward  M.  Arnos,  of  Olivet  College,  and  E.  H.  Ryder, 
of  Michigan  Agricultural  College. 

*"  *"  ^ 

surject:     the  teaching  of  elementary  economics. 

91.  In  the  University,  Fred  M.  Taylor,  of  the  University  of  Michigan. 

92.  In  the  College,  Charles  H.  Gurney  and  Jas.  E.  Mitchell  of  Alma 
College. 

SUBJECT :     current  economic  literature, 

93.  Reviews  and  Discussions  by  Edward  M.  Arnos,  Frank  T.  Carlton, 
Lewis  H.  Haney,  and  others. 

94.  Paper :     A  General  Characterization  of  the  Economic  Literatiu-e 
of  Recent  Years,  bv  Lewis  H.  Hanev. 


*To  appear  in   tlie   Journal   of  Geology. 
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PRESIDENT'S  ADDRESS. 


OUTLINE   OF   THE   HISTORY   OF  THE   GREAT  LAKES.^ 

Frank   Leverett. 

CONTENTS. 

Introdiictorv  statement. 

Great  altitude  preceding  Ice  Age. 

Preg'lacial  drainage. 

Effects  of  glaciation  in  Great  Lakes  region. 

Drift  deposition. 

Glacial   erosion. 

Weighting  and  depression  by  ice. 
Glacial  and  interglacial  stages. 
Features  characteristic  of  lake  shores. 
The  succession  of  lakes. 

Superior  basin. 

Green  Bay  basin. 

Michigan  basin. 

Huron-Erie  basin. 

Lake  ]Maumee,  Lake  Arkona,  Lake  Whittlesey, 

Lake  W^arren,  Transitional  lakes  (Grassmere  and  Elkton  beaches) 

Lake  Erie. 

Ontario  basin. 

Lake  Iroquois,  Champlain  Sea, 

Lake  Algonquin. 

Transitional   lakes    (Battlefield  and  Fort  Brady  beaches). 

Nipissing  Great  Lakes. 

Modern  Great  Lakes. 
History  shown  by  Niagara  Falls. 
Bibliographic  notes. 

INTRODUCTORY   STATE  M ENT. 

Michigan  is  more  broadly  washed  by  the  waters  of  the  Great  Lakes 
than  any  other  state  of  the  Union,  and  its  commercial  interests  are 
greatly  enhanced  in  value  because  of  this  situation.  There  are  also  cli- 
matic advantages  wiiicli  it  possesses  because  of  these  water  bodies. 
The  question  of  the  origin  and  history  of  the  lakes  should,  therefore,  be 
of  especial  interest  to  the  people  of  Michigan,  and  particularly  to  such 
an  assembly  of  educators  and  scientific  students  as  is  present  this  even- 

iPublished  by   permission   of   the    Director  of   the   United    States   Geological   Survey. 
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iug.    The  history  is  so  complex  that  it  can  only  be  sketched  in  outline  in 
the  brief  time  allotted  for  this  address.^ 

It  is  primarily  to  glaciation  that  we  owe  tlie  presence  of  these  gTeat 
lake  basins,  and  a  sketch  of  their  histoiy  naturally  includes  an  outline 
of  the  leading  events  of  the  Ice  Age.  Accompanying  the  glaciation  there 
have  been  deformations  of  the  earths  form  that  seem  attributable  in 
some  measure  at  least  to  the  great  ice  sheets  that  covered  the  laud. 
The  region  occupied  by  the  Great  Lakes  appears  to  have  been  weighted 
down  and  depressed  during  the  height  of  glaciation,  and  to  have  risen 
somewhat  upon  the  melting  of  the  ice,  yet  not  to  its  preglacial  altitude. 
These  earth  movements  are  thus  important  factors  in  the  history  of  ths 
lakes,  though  it  is  not  improbable  that  other  forces  independent  of 
the  weighting  and  disappearance  of  the  ice  have  been  intiuential  in 
causing  the  changes  of  level  here  displayed. 

GREAT   ALTITUDE    PRECEDING    THE    ICE    AGE. 

That  the  ice  age  was  preceded  by  higher  altitude  than  the  present  in 
eastern  Xorth  America  is  shown  by  the  presence  of  deep  valleys,  now 
submerged,  in  the  gulfs  and  bays  along  the  Atlantic  coast. 

From  the  Hudson  valley  northeastward  the  deep  valleys  are  filled  with 
the  oldest  drift  of  that  region.  Borings  in  the  Hudson  river  valley 
near  West  Point,  made  by  the  Xew  York  Water  Supply  Commission, 
show  that  the  valley  floor  at  that  place  is  450  feet  or  more  below  sea 
level.  Wells  and  borings  in  the  vicinity  of  Boston  show  a  rock  floor 
200  to  400  feet  below  sea  level  and  there  are  similar  deeply  filled  val- 
leys on  the  coast  of  Maine.  The  coast  line  at  that  time  was  some  dis- 
tance farther  out  than  now  and  much  of  the  area  of  the  Gulf  of  St. 
LaAvrence  was  above  sea  level.  The  old  valley  of  the  St.  Lawrence  can 
]»e  traced  through  the  Gulf  and  out  beyond  the  banks  of  NeAvfoundlaud. 
The  ice  did  not  cover  it  far  below  Quebec  and  it  remains  unfilled.  It  is 
SOO  to  1200  feet  below  sea  level,  the  depth  increasing  as  one  passes  doAvn 
the  old  channel. 

The  high  altitude,  which  is  easily  demonstrable  on  the  coast,  is  more 
difficult  to  prove  in  the  interior  of  North  America  around  the  Great 
Lakes,  for  the  drainage  from  that  region  had  a  long  course  to  the  sea. 
and  the  lakes  are  probably  near  the  headwaters  of  the  old  drainage 
lines.  It  seems  entirely  probable,  however,  that  the  high  altitude  of 
eastern  North  America  would  have  affected  the  Great  Lakes  region  and 
given  the  beds  of  the  present  lakes  an  altitude  high  enough  to  have 
afforded  free  drainage  to  the  sea. 

It  is  thought  that  before  the  glacial  period  there  were  no  bodies  of 
water  where  the  Great  Lakes  now  stand,  but  instead  broad  lowlands 
bordered  bv  belts  of  higher  land.  The  condition  seems  likelv  to  have 
been  about  like  central  and.  eastern  Tennessee  and  Kentucky  and  south- 
ern Indiana,  where  the  weak  rock  formations  are  marked  by  lowlands, 
and  the  more  resistant  by  highlands. 


^A  much  more  complete  discussion  of  the  subject  is  now  in  preparation,  for  a  mono- 
graph of  the  United  States  Geological  Survey,  by  mv  associate  in  glacial  investigations,  Mr. 
F.  B.  Taylor. 


MICHIGAN   ACADEMY   OF   SCIENCE.  21 

PREGLACIAL    DRAINAGE. 

The  courses  of  pregkuial  drainage  from  the  loAvlands  are  now  con- 
cealed beneath  thick  deposits  of  glacial  material  and  can  only  be  parti 
ally  outlined.  There  is  as  vet  uncertainty  whether  the  drainage  was 
chiefly  to  the  Gulf  of  ir>t.  Lawrence  or  to  the  Gulf  of  Mexico.  The 
high  altitude  which  affected  'the  eastern  part  of  the  United  States,  may 
have  given  the  region  along  the  St.  Lawrence  below  Lake  Ontario 
and  also  that  along  the  Mohawk  greater  altitude  than  was  presented 
by  the  district  between  the  Great  Lakes  region  and  the  Gulf  of  Mexico, 
thus  favoring  discharge  of  the  Great  Lakes  region  to  the  south.  It 
seems  highly  probable  That  in  the  remote  past  there  was  a  divide  on  the 
line  of  the  present  St.  Lawrence  below  Lake  Ontario,  where  the  river  now 
flows  among  the  Thousand  Isles,  and  that  from  it  drainage  passed  south- 
westward  to  the  central  United  States.  But  whether  this  divide  had 
been  cut  through  h\  headwater  erosion  of  the  St.  Lawrence  and  jiart  of 
the  southwest  flowing  drainage  had  been  changed  to  a  northeast  tlo wing- 
system  prior  to  the  Ice  Age  is  not  known.  The  bed  of  Lake  Ontario 
reaches  now  the  lowest  altitude  of  any  of  the  Great  Lakes.  Whether 
the  preglacial  altitude  was  lower  in  this  bn&in,  or  whether  this  lovr 
altitude  is  due  to  greater  sinking  and  greater  ice  erosion  tliere  during 
the  Ice  Age  than  occurred  in  the  neighboring  basins  of  Huron  and 
Erie  is  not  yet  determined.  In  the  former  case  it  would  seem  pro')ab]e 
that  the  Ontario  basin  had  a  discharge  through  some  buried  channel 
among  the  Thousand  Isles  to  the  Gulf  of  St.  Lawrence  and  took  Avith  it 
the  drainage  from  the  Erie  basin  if  not  from  the  Huron  and  the  Su- 
Iterior  and  the  northern  jiart  of  the  Michigan  basin. 

The  most  ambitious  effort  to  restore  the  preglacial  drainage  of  the 
Great  Lakes  region  is  that  of  J.  W.  Spencer,  Avho  some  20  years  ago 
presented  a  map  and  discussion  of  the  ancient  drainage  of  the  Great 
Lakes  region  in  a  British  publication.^  It  was  based  on  a  study,  (1) 
of  the  hydrography  of  the  modern  lake  basins  and  submerged  channels 
on  the  coast,  (2)  results  of  well  borings  which  have  revealed  the  position 
of  buried  valleys,  and  (3)  the  uplift  which  the  Great  Lakes  region  has 
exjerienced  as  shown  by  tilting  of  old  shore  lines.  He  reached  the 
conclusion  that  the  drainage  was  to  the  Gulf  of  St.  Lawrence  though 
not  fully  along  the  present  lines.  From  the  Erie  basin  the  discharge 
to  the  Ontario  basin  was  farther  west  than  Niagara  river  so  that  ir 
entered  the  extreme  western  end  of  the  Ontario  basin.  He  interpreted 
the  Lake  Huron  basin  to  have  had  a  direct  southeastward  drainage 
through  Georgian  Bay  and  past  Lake  Simcoe  into  the  Ontario  ba^-in  near 
Toronto.  He  outlined  a  drainage  from  the  south  part  of  the  Lake  Michi- 
gan basin  acreiss  the  southern  peninsula  of  Michigan  into  Saginaw  Bay 
and  Lake  Huron.  Tlie  northern  part  of  the  Lake  Michigan  ba^in  he 
interpreted  to  have  drained  through  the  Straits  of  Mackinjic  and  east- 
ward into  Georgian  Bay  to  join  the  old  Huron  drainage.  S}  encer's  ma'js 
and  discussion  do  not  include  the  Lake  Superior  basin.  'My  own  stuoies 
of  the  distri(  t  nnith  of  Lake  Su};erior  have  brought  to  light  a  dee])  buried 
channel  leading  southward  from  the  east  end  of  the  basin  to  the  head 
of  Lake  Huron  some  distance  west  of  the  present  line  of  discharge 
throush   Ste.   Marvs  Kiver. 


^Quarterly   Jour.   Cieol.    Soc'y   of  I.,ondon.   Vol.   XLVI,   1890. 
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Whether  Spencer's  interpretation  is  correct  on  the  main  proposi- 
tion of  an  eastward  drainage  to  the  Gulf  of  St.  Lawrence  remains  to  be 
determined.  It  will  be  necessary  to  learn  how  much  the  level  of  the 
old  rock  beds  have  been  reduced  by  ice  weighting  and  differential  depres- 
sion and  by  ice  erosion.  The  beds  certainly  have  been  sufficiently  loAvered 
to  render  it  impossible  to  run  the  glacial  drainage  to  the  ocean  over 
a  rock  floor  sloping  continually  seaward.  The  amount  of  erosion  and 
depression  seems  to  decrease  southAvestward  or  toward  the  peripheral 
portion  of  the  ice  sheet.  It  will  not  be  surprising,  therefore,  if  the 
proi>er  evaluation  of  these  factors  will  throw  the  balance  of  probabilities 
in  favor  of  preglacial  discharge  of  much  of  the  Great  Lakes  region  to  the 
Gulf  of   Mexico. 

The  data  thus  far  collected  in  central  Michigan  favor  this  interpre- 
tation. The  borings  along  the  line  of  the  buried  channel  that  runs 
across  Michigan  from  Saginaw  Bay  to  Lake  Michigan  indicate,  not  only  a 
fall  in  that  direction  (which  is  the  reverse  of  the  course  outlined  by 
Spencer),  but  also  a  widening  of  the  channel.  Deep  borings  in  western 
Indiana  between  the  head  of  Lake  Michigan  and  the  Wabash  show  a 
lower  rock  floor  than  any  yet  discovered  across  Illinois  and  suggest  a 
preglacial    drainage   to    the   Wabash   and    Ohio. 

EFFECTS    OF    GLACIATIOX    IX    GREAT    LAKES    REGION. 

The  Great  Lakes  region  has  been  modified  by  glaciation  in  various 
ways,  chief  among  which  are  (1)  drift  deposition,  (2)  glacial  erosion, 
and  (3)  probably  weighting  and  depression  by  the  ice.  On  the  first  of 
these  modifications,  drift  deposition,  there  is  oi)portunity  for  definite 
knowledge,  and  no  differences  of  opinion  are  held  by  geologists.  On  the 
second  and  third  there  are  debatable  questions,  and  in  consequence  a 
lack   of  uniformity   of  opinion. 

EFFECT  OF    DRIFT   DEPOSITION. 

The  drift  has  so  completely  filled  the  valleys  which  connected  the 
several  basins  that  the  ])Osition  of  these  valleys  is  known  only  through 
data  from  borings.  Their  beds  lie  far  beloAv  the  present  surface  of  the 
lakes.  Consequently  were  the  drift  removed  from  these  channels  the 
lakes  would  stand  much  lower  than  at  present.  The  basin  of  Lake  Erie, 
it  should  be  noted,  is  rendered  shallow  by  a  thick  accumulation  of  drift. 
The  greatest  depth  of  water  is  about  210  feet,  but  borings  at  Cleveland, 
near  the  mouth  of  Cuyahoga  River,  show  the  drift  to  extend  down  to. 
within  lUO  feet  of  sea  level,  or  more  than  470  feet  below  lake  level. 

The  present  divide  between  the  Great  Lakes  or  St.  Lawrence  drainage 
and  the  Mississippi  drainage  is  determined  very  largely  by  moraines  and 
thick  drift  deposits.  The  drift  has  been  heaped  up  in  greatest  amount 
at  the  ends  and  along  Ihe  sides  of  the  tongues  of  ice  that  passed  over 
the  lowlands  now  occu])ied  by  the  Great  Lakes.  There  is  also  in  the 
southern  jieninsula  of  ^Michigan  a  remarkable  amount  of  drift,  perhaps 
a  thicker  deposit  than  in  any  other  area  of  equal  size  in  America.  This 
apparently  resulted  from  the  convergence  of  ice  movement  occasioned 
by  the  trend  of  the  bordering  Great  Lakes  basins,  there  being  southward 
movement  on  the  west  side  and  southAvestward  on  the  east.    The  northern 


MICHIGAN   ACADEMY   OP   SCIENCE.  23 

half  of  the  peninsula,  which  now  rises  in  i)laees  1,000  to  1,100  feet  above 
the  surface  of  the  lakes,  seems  to  have  no  rock  standing  more  than  250 
to  300  feet  above  the  lakes,  there  being  700  to  800  feet  of  drift  on  its 
higher  parts.  It  has  been  estimated  by  W.  F.  Cooper  from  plauimeter 
measurements  on  maps  showing  present  surface  and  bed  rock  surface, 
issued  bj^  the  U.  S.  Geological  Suiwej,^  that  the  entire  southern  penin- 
sula of  Michigan  has  an  average  of  about'  300  feet  of  drift.  The  area 
of  thick  drift  covers  also  northwestern  Ohio,  northern  Indiana,  and 
northeastern  Illinois,  and  averages  nearly  200  feet.- 

GLACIAL     EROSIOX. 

The  large  amount  of  drift  deposited  at  the  ends  and  on  the  borders  of 
the  ice  lobes  that  occupied  the  basins  of  the  Great  Lakes  calls  for  a 
similar  erosion  of  districts  over  which  the  ice  jtassed.  Considerable 
material  Avas  gathered  in  Canada  as  we  know  from  the  occurrence  of 
Canadian  bowlders  and  ijebbles  in  all  parts  of  the  Great  Lakes  region 
and  southward  to  the  glacial  boundary.  But  this  appears  to  be  a  less 
important  constituent  than  the  material  derived  from  the  softer  rock 
formations  in  and  around  the  Great  Lakes  basins.  The  examination  of 
constituents  of  the  drift  made  in  Wisconsin,  Illinois,  Indiana,  Ohio, 
and  Michigan,  have  shown  from  To  to  80  ])er  cent  or  more  of  material 
derived   from   south   of  the  Canadian  boundary. 

WEIGHTIXG  AND   DEPRESSION   BY   ICE. 

That  the  region  of  the  Great  Lakes  has  experienced  considerable  in- 
'crease  in  altitude  on  the  withdrawal  of  the  ice  sheet  is  well  shown  by 
the  tilting  of  the  shore  lines  of  the  glacial  lakes  that  were  the  prede- 
cessors of  the  present  Great  Lakes.  This  tilting  is  so  closely  connected 
with  the  relief  of  the  ice  covered  district  from  its  burden  of  ice  that  it 
seems  highly  probable  that  it  came  as  a  result  of  the  relief  from  this 
load.  As  will  be  shown  later  it  amounts  to  several  hundred  feet  in  the 
northern  part  of  the  Great  Lakes  legion,  Avhere  the  load  was  heavy,  and 
dies  out  entirely  in  the  southern  part  where  the  load  Avas  light.  If  the 
unloading  has  given  occasion  for  such  a  marked  upward  movement  it 
would  seem  a  safe  assumption  that  the  accumulation  of  the  ice  had 
caused  a  weighting  down  or  de^jression  from  which  this  is  a  resilience. 
The  presence  of  a  large  amount  of  drift  in  the  districts  bordering  the 
Great  Lakes,  and  especially  that  in  the  northern  half  of  the  southern 
peninsula  of  Michigan,  seems  likely  to  have  had  a  measurable  effect 
in  preventing  complete  retur-n  to  preglacial  altitudes.  It  is  perhaps 
to  the  great  amount  of  drift  east  of  the  northern  halt  of  the  Lake  ^Michi- 
gan  basin  that  the  very  slight  rise  of  that  region  is  due,  a  rise  so  slight 
that  it  is  scarcely  measurable  south  of  Manistee. 

It  thus  appears  that  the  lake  basins  as  we  uoav  find  them  are  glacially 
modified  lowlands,  which  have  been  loaded  in  places  by  drift,  and  in 
places  eroded  and  weighted  down  by  the  ice.  They  are  held  up  l)y  rock 
and  drift  banners  to  le\'els  several  hundred  feet  above  their  rock  beds, 
the  lowest,  Ontario,  beiup-  nearly  250  feet,  and  the  highest,  Superior,  000 
feet  above  sea  level,  while  the  beds  of  all  except  Erie  extend  in  places 
l)elow  sea  level. 
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GLACIAL   AND    INTERGLACL^L   STAGES. 


The  studies  of  the  glacial  deposits  have  shown  that  thej  do  not  con- 
sist of  a  single  sheet  but  embrace  three  and  in  places  four  distinct  drift 
sheets.  There  is  evidence  that  these  drift  sheets  are  the  product  of  re- 
peated glaciation  at  Avidely  separated  intervals.  They  are  separable  by 
beds  of  peat  and  deposits  made  by  lakes  and  streams.  These  deposits 
contain  remains  of  forms  of  life  similar  to  those  now  existing  in  the 
same  regions,  and  thus  they  indicate  a  temperate  interglaclal  climate. 

It  is  probable  that  after  the  first  glaciation  as  well  as  after  each 
succeeding  one  there  were  lakes  in  the  basins  of  the  present  Great  Lakes. 
These  would  be  invaded  and  completely  filled  by  ice  in  each  recurring 
glacial  stage.  Evidence  of  such  interglaclal  lakes  is  largely  destroyed 
by  the  glacial  occupancy  and  must  be  at  best  very  fragmentary.  Yet 
there  are  not  wanting  features  that  point  to  their  occurrence.  For  ex- 
ample, at  the  southern  end  of  the  Lake  Michigan  basin,  and  also  on 
the  eastern  side  where  dunes  ilow  occur,  the  moraines  formed  by  the  last 
glacial  stage  are  found  to  be  more  sandy  than  their  continuation  on 
the  western  side  of  the  lake  basin.  This  sandiness  it  is  thought  may  be 
due  to  the  incorporation  of  the  interglacial  dune  material  in  the  drift. 

The  history  of  the  lakes  in  connection  with  and  subsequent  to  the 
last  glaciation  is  so  com] ilex  that  it  alone  will  be  outlined  at  this  time. 
The  complexities  here  outlined  are  likely  to  be  but  a  recurrence  of  those 
of  the  interglacial  times.  The  interglacial  times  differ  from  the  post- 
glacial in  that  they  involve  a  readvance  of  ice  and  extinction  of  any 
lakes  that  may  have  been  present  in  the  basins.  The  interglacial  times 
were  also  much  longer  than  the  postglacial  and  there  were  corresjiond,- 
ingl}'  gTeater  filling  and  modification  of  the  lakes.  We  are,  therefore, 
presenting  in  this  postglacial  lake  history  a  succession  of  events  less 
complete  than  probably  occurred  in  each  int(>rg]acial  stage. 

In  the  last  or  ^Msconsin  stage  of  glaciation,  and  also  in  the  next 
preceding,  or  Illinoian  stage,  the  Great  Lakes  region  was  covered  by 
ice  moving  south  west  Avard  from  a'  center  in  Labrador.  In  a  still  earlier 
glacial  stage,  the  Kansan,  there  appears  to  have  been  a  southward  move- 
ment across  the  (Jreat  Lakes  region  from  a  center  in  central  Canada 
knoAvn  as  the  Keewatin.  At  least,  copper  was  distributed  from  the  Lake 
Superior  region  as  far  southeast  as  central  Ohio  probably  by  ice  moving 
southward  through  the  Huron  basin  and  across  the  Avesteru  portion  of 
the  Erie  basin.  The  lake  history  is  likely  to  have  been  different  at  the 
withdrawal  of  the  Keewatin  ice  sheet  from  the  basin  it  had  filled  than  it 
was  at  the  withdrawal  of  the  Labrador  ice  slieet  in  subsequent  stages  of 
glaiciation.  It  would  not,  bowever,  be  an  easy  matter  to  unravel  that  part 
of  the  Great  Lakes  history,  for  any  moraines  or  features  that  Avould  throw 
light  on  the  outline  of  the  ice  border  have  been  overridden  and  com- 
pletely  concealed  by   the  later  invasions  from  the  Labrador  center. 

FEATURES    CHARACTERISTIC    OP    LAKE    SHORES. 

Inasmuch  as  the  predecessors  of  the  Great  Lakes  stood  at  higher 
levels  than  the  present  bodies  of  water  and  covered  certain  outside 
territory,  the  features  characteristic  of  lake  shores  have  been  discov- 
ered in  this  outside  territory  and  used  as  a  basis  for  interpreting  the 
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extent  of  the  ancient  water  bodies.  These  include  bars  of  gravelly 
material  thrown  up  by  waves  along  the  old  shores,  and  abrupt  banks 
formed  where  the  waves  cut  back  into  the  bordering  land ;  also  deposits 
with  the  delta  form  and  structure  laid  down  Mhere  streams  entered  the 
old  lakes.  The  beaches  of  a  given  lake  lead  into  the  head  of  its  outlet  at 
a  level  corresponding  to  the  ordinary  stage  of  water  in  the  outlet.  In 
some  cases,  however,  the  outlet  experieaced  considerable  deepening  dur- 
ing the  life  of  the  lake  and  one  finds  later  beaches  opening  into  it  at 
levels  corresponding  to  this  deei>ening. 

THE    SUCCESSION    OF    LAKES. 

It  is  evident  that  Avhen  the  ice  sheet  extended  out  to  or  beyond  the 
divide  between  the  Great  Lakes  and  the  Mississippi  drainage  there 
would  be  a  direct  discharge  along  valleys  into  the  Mississipiji  and  no 
lakes  would  be  present.  But  as  soon  as  the  ice  had  shrunk  back  inside 
the  divide  to  where  the  land  sloped  toward  the  ice  border  lakes  would 
begin  forming.  There  would  be  at  first  small  bodies  of  vrater  at  numer- 
ous points  along  the  borders  of  the  basin,  either  discharging  directly 
across  the  rim  by  independent  outlets  or  having  connection  by  border 
drainage  along  the  ice  edge  to  some  low  place  on  the  rim  of  the  basin. 
With  the  shrinking  of  the  ice  the  small  lakes  which  at  first  were  inde- 
pendent, or  were  connected  by  border  drainage  channels  would  become 
confluent  and  take  the  level  of  the  lowest  water  level  of  the  series. 

Inasmuch  as  the  melting  of  the  ice  uncovered  the  southern  and  south- 
western borders  of  the  lake  basins  earliest,  it  is  here  that  we  find  the 
beginnings  of  the  lakes.  These  basins  extend  somewhat  farther  out  than 
the  present  Great  Lakes,  and  it  is  in  these  extensions  that  the  first 
ponding  oecurred ;  in  some  cases  while  the  whole  area  now  occupied  by 
water  was  occupied  by  the  ice. 

It  is  scarcely  possible  as  yet  to  determine  in  which  basin  the  ponding 
of  water  took  place  earliest.  Mapping  of  moraines  has  been  carried  far 
enough  to  indicate  that  tliere  was  no  great  ditference  in  the  dates-  of 
the  beginning  of  the  lakes  in  the  southwest  ends  of  the  Superior,  Green 
Bay,  Lake  Michigan,  and  Lake  Erie  basins,  whereas  the  lakes  formed  in, 
the  Huron  and  Ontario  basins  were  much  later.  A  lake  in  the  Saginaw 
basin  southAvest  of  Lake  Huron  was  earlier  than  in  the  southern  end 
of  Lake  LIurou.  The  lake  in  the  Ontario  basin  came  in  the  latest  of 
any  in  the  large  basins,  being  situated  farthest  northeast  and  conse- 
quently  nearest  the   center  of  dispersion   of   the   ice. 

SUPERIOR    BASIX. 

The  earliest  part  of  the  drainage  basin  of  Lake  Superior  to  be  vacated 
by  the  ice  seems  to  have  been  in  the  district  now  drained  by  St.  Louis 
River.  As  noted  by  Winchell,^  the  ponded  Avaters  in  the  southwest  parL 
of  this  river  basin  were  at  one  time  discharged  southwestward  to  the 
Mississippi  from  an  altitude  about  TOO  feet  above  Lake  Superior,  as 
indicated  in  Fig.  1.  The  name  Lake  I']»ham  has  been  given  to  this 
small  and  transient  water  body.  With  tlu^  shrinking  of  the  ice  border 
a  lower  jiassage,  about  5.30  feet  above  Lake  Superior  was  opened  from 
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the  St.  Louis  River  to  Kettle  River  and  thence  to  the  St.  Croix  and  this 
drew  the  water  down  below  the  level  of  the  outlet  of  Lake  Upham.  To 
distingTiish  tliis  lower  lake  stage  in  the  St.  Louis  drainage  basin  it  has 
l)een  named  by  Winehell  Lake  St.  Louis.  A  little  further  shrinking  of 
the  ice  border  exposed  the  headwaters  of  Xemadji  River,  a  stream  that 
conies  into  the  head  of  Lake  Sujierior  from  the  west-southwest,  and 
there  Avas  formed  a  small  lake  about  500  feet  above  Lake  Superior  level, 
known  as  Lake  Xemadji.  It  received  the  melting  waters  from  the  end 
of  the  Superior  lobe  and  discharged  a  large  volume  of  water  down  the 
Kettle  River  vallej-  into  the  St.  Croix,  though  only  30  square  miles  in 
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Fig.   1.     Superior    Ice    Lobe    and    Lake    LTpham. 

area.     During  the  life  of  each  of  these  lakes  the  ice  sheet  still  com- 
pdetely  covered  the  area  of  Lake  Superior. 

As  the  ice  border  shrank  vrithiu  the  limits  of  the  western  end  of 
Lake  Superior  a  large  body  of  water,  named  Lake  Dulutli  (Fig.  2), 
came  into  existence.  Its  outlet  was  southward  from  the  head  of  Brule 
River  in  northwestern  Wisconsin  into  the  St.  Croix  River.  While 
this  was  ?til!  a  small  lake  there  was  formed  another  lake  farther  east 
called  Lake  Ontonagon  for  it  covered  much  of  the  Ontonagon  drainage 
basin  in  the  western  part  of  the  northern  peninsula  of  Michigan.  It 
discharged  westward  along-  or  near  the  ice  border  into  Wisconsin  where 
it  joined  Lake  Duluth  in  the  discharge  through  the  St.  Croix  valley. 
Its  outlet  made  a  descent  between  150  and  200  feet,  however,  before 
reaching  Lake  Duluth,     With  the  recession  of  the  ice  border  Lake  On- 
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tonagoD  became  conflnent  with  Lake  Diilntli  but  at  a  level  considerably 
lower.     It  consequently  vacated  much  of  its  bed. 

The  St.  Croix  outlet  served  as  the  line  of  discharge  for  this  glacial 
lake  in  the  western  part  of  the  Superior  basin  until  the  ice  border  had 
receded  to  the  eastern  slope  of  the  Keewenaw  Peninsula  if  not  beyond 
it   (Fig.  2). 

It  will  be  observed  that  the  highest  shore  of  Lake  Duluth  is  not  at  a 
uniform  level  but  shows  a  marked  rise  toward  the  northeast.  Thus  at 
the  western  end  it  is  1,0G6  feet  above  sea  level  or  4(55  feet  above  Lake 
Superior,    while   at    Calumet    on    the   Keewenaw    Peninsula    it    reaches 


Fig.   2.     Lake   Duluth   at  greatest   extent,   and  probable   contemporary    ice  border.      Numerals 
and    isobases    indicate    altitude   of   the   highest    beach    above    sea    level. 

1,S03  feet,  or  T(»2  feet  above  the  present  lake.  This  rise  of  237  feet 
seems  to  be  largely  attributable  to  a  subsequent  differential  u])lift, 
though  a  small  portion  is  perhaps  referable  to  an  actual  higher  position 
of  the  lake  at  the  northeast  end  due  to  ice  attraction.  The  effect  of  ice 
attraction  seems  unlikely,  however,  to  amount  to  37  of  the.  237  feet 
and  would  be  mostly  within  a  few  miles  of  the  ice  border.  It  will  be 
observed  that  the  lines  of  equal  elevation,  or  isobases,  connecting  cer- 
tain points  on  opposite  sides  of  the  lake,  trend  south  of  east  but  they 
are  not  uniform  in  direction  even  in  the  small  area  covered  by  definite 
data.  It  appears  from  this  that  the  uplift  was  not  regular.  There  is 
need  for  precise  levels  along  the  whole  shore  to  clear  up  the  form  of 
warping  or  uplift  this  region  has  experienced.     The  direction  of  tilting. 
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which  for  any  given  line  is  at  a  right  angle  to  the  isobase,  varies  on 
different  lines  from  abont  10"  to  nearly  30^  east  of  north.  It  appears 
that  the  entire  basin  lies  within  the  region  of  uplift,  for  there  is  a  de- 
crease in  altitude  clear  to  the  sonthwest  end  of  the  lake. 

It  will  be  observed  that  the  head  of  the  outlet  is  only  1,013  feet 
while  the  lowest  part  of  the  upper  shore  is  1.066  feet,  or  a  difference 
of  53  feet.  It  is  scarcely  to  be  sujiposed  that  the  outlet  carried  a  depth 
of  50  feet  of  water  at  its  head.  Instead  it  seems  probable  that  it  was 
deepened  40  to  50  feet  after  the  lake  waters  were  turned  into  it.  In 
fact  the  head  of  the  outlet  is  low  enough  to  afford  disclmrge  for  the 
lake  after  it  had  dropped  to  the  level  of  its  second  beach. 

Lake  Duluth  represents  a  somewhat  long  stage  in  the  glacial  lake 
history.  Its  duration  is  measurable  either  in  terms  of  ice  recession  or 
of  work  by  the  lake  and  its  outlet.  The  recession  of  the  ice  border 
s-eems  to  have  been  more  than  100  miles  in  the  axis  of  the  lobe  and  per- 
haps an  even  greater  distance  in  the  region  north  of  Lake  Superior.  The 
time  involved  in  such  a  recession  must  be  expressed  in  hundreds  if  not 
in  thousands  of  years.  The  Avork  accomplished  in  the  outlet  has  not 
been  fuly  ascertained  for  studies  have  been  restricted  to  the  immediate 
head  of  the  outlet.  At  the  head  of  the  outlet  there  ai^pears  to  have  been 
a  deepening  of  40  to  50  feet  in  a  channel  nearly  a  mile  in  average 
width  cut  in  sandy  drift.  The  amount  of  work  in  this  outlet  seems  to  be 
less  than  in  outlets  from  glacial  lakes  in  the  Michigan  and  Erie  basins. 
This  may  be  partly  because  of  its  briefer  duration  and  partly  because  of 
its  smaller  volume.  The  beaches  of  Lake  Duluth  are  strong  and  easily 
traced  in  all  situations  and  indicate  long  duration  as  clearly  as  the  outlet 
channel. 

The  occurrence  of  certain  beaches  in  the  western  Superior  basin  that 
are  too  low  to  open  into  the  St.  Croix  outlet  and  too  high  to  correlate 
with  the  highest  beach  having  an  eastward  outlet,  the  Algonquin  beach, 
seems  to  demand  an  outlet  somewhere  on  the  north  side  of  the  basin. 
The  ice  down  to  the  time  of  this  snp];osed  northward  outlet  probably 
covered  the  region  around  Lake  Xipigon  north  of  Lake  Superior.  A 
further  recession  would  have  let  the  waters  into  the  Nipigon  basin, 
and  thence  perhaps  northward  and  westward  into  the  basin  of  the  great 
Glacial  Lake  Agassiz.  This  region,  however,  awaits  investigation  to 
settle  the  course  or  coiu-ses  of  discharge  for  the  waters.  With  further 
withdrawal  of  ice  on  the  southern  part  of  the  Lake  Superior  basin  the 
waters  became  connected  with  those  in  the  Lake  Michigan  and  Lake 
Huron  basins  to  form  the  great  Lake  Algonquin,  discussed  below. 

GREEN   BAY   BASIN. 

That  there  was  a  glacial  lake  in  the  Green  Bay  basin  with  an  outlet 
into  the'  Wisconsin  River  near  Portage,  Wisconsin,  is  knoAvn  from  the 
well  defined  outlet  channel,  discussed  by  Upham  in  1903^  and  by  tJie 
presence  of  shore  features  at  corresponding  altitude  at  ])oints  along 
the  borders  of  the  Green  Bay  basin  (Fig.  3).  W.  C.  Alden  of  the 
United  States  Geological  Survey  has  found  a  well  defined  shore  east 
of  Lake  Winnebago  at  about  800  feet  above  sea  level,  or  only  10  to  12 

^American  Geologist,  Vol.   32,   1903,  pp.   105-115,  330  331. 
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feet  higher  than  the  bed  of  the  outlet,  but  in  parts  of  the  border  the 
shore  is  very  Aveak  and  ill  defined/  The  red  clay  of  the  Green  Bay  basin 
wliich  Upham  considered  a  deposit  of  the  lake  bed  has  been  found  by 
Alden  to  be  a  glacial  deposit.  It  was  on  the  withdrawal  of  the  ice  after 
depositing  the  red  drift  that  the  hike  reached  its  gi-eatest  extent,  and  it 
only  persisted  until  the  ice  had  melted  far  enough  back  to  give  an  east- 
ward discharge  into  the  Lake  Michigan  basin. 


Scale 


Miles 


Fig.  3.     Beginnings    of    lakes    in    Superior,    Green    Bay,    Micliigau.    and    Erie    basins,    witli 

correlative   ice   border. 


MICHIGAN     BASIX. 

In  the  Michigan  basin  there  was  at  first  a  chain  of  lakes  along  the 
eastern  side  of  the  southern  portion  and  a  narrow  strip  of  water  at  the 
south  and  southwest  which  discharoed  down  the  Des  Plaines  valley. 
The  ice  filled  the  basin  at  that  time  a  little  beyond  the  limits  of  the 
present  lake,  its  border  being  at  Blue  Island  ridge  in  Illinois,  and  at 
the  narrow  moraine  north  of  Chesterton,  Indiana. 

^Personal  communication. 
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From  this  moraine  the  ice  border  shrank  within  the  limits  of  the 
present  hike  and  the  lake  became  expanded  eventually  over  the  greater  ' 
part  of  the  basin  (Fig.  3).  It  is  knoAvn  as  Lake  Chicago,  and  its  outlet 
as  the  Chicago  Outlet.  As  the  outlet  stood  but  little  higher  than  the 
present  lake,  the  extent  bevoud  the  present  lake  was  slight.  The  highest 
shore  is  55  to  60  feet  above  lake  level,  so  the  bed  of  the  outlet  at  first 
was  about  50  feet  above  the  lake.  There  are  three  distinct  beaches  dififer- 
ing  about  20  feet  in  altitude,  knov>n  as  the  GleuAvood,  the  Calumet,  and 
the  Toleston.  The  highest  and  oldest  marks  the  level  of  the  lake  during 
the  cutting  of  a  trench  in  the  gTavel  formations  along  the  outlet.  The 
second  or  Calumet  beach  marks  the. level  of  a  rock  sill  over  which  the 
lake  outlet  flowed  for  considerable  time  before  cutting  it  awav.  The 
removal  of  the  rock,  it  has  been  suggested  by  Chamberlin,  was  by  a 
stoping  process,  there  being  rapids  at  first  at  the  down  stream  end  of  the 
rock  sill,  which  by  wearing  backward  gradually  narrowed  the  rock 
barrier  until  it  finally  gave  way  and  let  the  lake  drop  to  the  level  of 
the  third  or  Toleston  beach.  The  Toleston  stage  persisted  until  the 
ice  had  melted  out  of  the  Michigan  basin  and  connection  was  established 
with  Lake  Algonquin  in  the  Huron  basin.  It  is  probable,  though  not  yet 
fully  established,  that  the  Chicago  Outlet  served  for  a  time  as  the  line  of 
discharge  for  waters  in  both  these  basins  and  also  of  the  Superior  basin. 
But  with  the  opening  of  the  eastern  outlet  for  Lake  Algonquin  through 
the  recession  of  the  ice  in  Ontario  the  lake  seems  to  have  been  drawn 
down  below  the  level  of  the  Chicago  Outlet.  Another  rise  of  water  took 
place  at  the  close  of  the  lake  stage  known  as  the  Nipissing,  discussed 
below,  the  water  reaching  an  altitude  about  16  feet  above  the  present 
lake  Michigan.  The  outlet  became  blocked  by  sandbars  at  this  stage 
and  the  lowering  of  the  lake  to  the  present  altitude  has  been  a  result 
of  cutting  in  the  St.  Clair  outlet.  The  Chicago  Outlet  is  now  occupied 
by  the  small  Des  Plaines  River,  which  takes  a  straggling  course  across 
its  bed,  and  in  its  meanders  scarceh^  touches  the  banks  of  its  great 
predecessor. 

HURON-ERIE    BASIN. 

The  portion  of  the  Huron  basin  south  of  Saginaw  Bay  lies  in  a  low- 
land which  is  continuous  with  that  of  the  Erie  basin  across  the  Cana- 
dian Peninsula.  This  lowland  is  termed  the  Huron-Erie  basin.  There 
were  converging  ice  currents  in  the  Huron  and  Erie  basins  which  be- 
came confluent  and  formed  what  may  j)roperly  be  termed  the  Huron- 
Erie  ice  lobe. 

The  Huron-Erie  basin  has  had  perhaps  a  more  complicated  lake 
histor}'  than  any  other  of  the  Great  Lakes  basins  owing  to  the  oppor- 
tunity for  discharge  of  water  at  various  points  on  its  border,  ex- 
j>osed  one  after  another  in  the  course  of  the  recession  of  the  ice.  It 
also  aftects  more  closely  the  history  of  the  southern  portion  of  Michi- 
gan. 

Lake  Ala u nice.  The  first  discharge  Avas  from  several  small  lakes  on 
the  southern  border  of  the  Erie  basin  into  the  drainage  of  the  Ohio. 
These  eventually  became  connected  by  border  drainage  and  led  into  a 
lake  known  as  Lake  Maumee,  at  the  southwest  end  of  the  basin,  which 
discharged    past    Fort    Wayne,    Indiana,    to    the   Wabash    River,    along 
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what  is  known  as  the  Fort  Wayne  Ontlet.  (Fig.  3.)  Diiring;  and  prior 
to  the  development  of  a  hirge  moraine,  the  Detiance,  which  forms  a  loop 
in  the  Manmee  basin  southwest  of  Lake  Erie,  and  is  cut  through  by 
Maumee  River  below  Defiance,  Ohio,  the  glacial  lake  Mamnee  had  a 
small  area  in  southwestern  Ohio  and  northeastern  Indiana  and  a  nar- 
row strip  in  Michigan  southwest  of  Adrian. 

As  the  ice  melted  back  from  the  Defiance  moraine  the  lake  expanded 
over  the  Ioav  country  to  the  east  and  became  extended  northward  on 
the  eastern  slope  of  the  Thumb  of  Michigan^  as  far  as  Imlay.  Here 
it  found  an  outlet  across  the  Thumb  and  drained  past  Flint  and  Duraud 
into  the  Grand  Kiver  and  thence  to  Lake  Chicago,  its  course  being  along 
the  ecige  of  the  Saginaw  ice  lobe  nearly  to  Grand  River.     (Fig.  4.) 


Pig.  4.     Lake   Maumee  and  Lake  Chicago,  witli   correlative  ice  border. 


At  present  the  bed  of  the  channel  at  the  head  of  the  Imlay  Outlet 
stands  45  to  50  feet  higher  than  the  head  of  the  Fort  Wayne  Outlet 
largely  because  of  differential  uplift  of  the  northern  outlet.  A  compari- 
son of  the  altitude  of  the  highest  beach  of  Lake  ]Maumee  with  each  of  the 
outlets  indicates  that  the  Imlay  Outlet  probably  stood  about  15  feet 
lower  than  the  Fort  Wayne  Outlet.  The  summit  in  its  bed  is  40  feet 
below  the  highest  beach,  T\'hile  the  summit  in  the  Fort  Wayne  Outlet 
is  only  about  25  feet  below  the  same  beach.  The  second  beach  of  Lake 
Maumee  is  barely  high  enough  to  have  afforded  discharge  through  the 
Fort  Wayne  Outlet,  but  it  stands  20  feet  above  the  head  of  the  Imlay 
Outlet.  The  actual  difference  in  level  of  the  highest  beach  at  the  two 
outlets  is  60  to  65  feet,  being  785-790  feet  at  Fort  Wayne  and  about  850  at 

^The  Thumb  of  Michigan  is  the  peninsula  between  Saginaw  Bay  and  the  Huron-Erie  basin. 
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the  head  of  the  Imhiy  Outlet,  Since  the  ice  border  was  near  by  the 
Imhiy  Outlet  and  remote  from  the  Fort  Wavue  Outlet  the  water  surface" 
may  have  been  drawn  up  by  ice  attraction  to  a  slightly  higher  level  at 
the  Imlay  Outlet.  The  amount  of  ice  attraction  must  be  deducted  from 
the  60  to  65  feet  to  show  the  actual  differential  uplift.  Another  qualify- 
ing condition  is  found  in  the  amount  of  peaty  filling  Avhicli  each  outlet 
contains.  The  amount  appears  to  be  several  feet  greater  in  the  Imlay 
Outlet  than  in  the  Fort  Wayne.  It  may  be  sufficient  to  counterbalance 
the  amount  that  would  need  to  be  subtracted  because  of  ice  attraction. 

With  further  recession  of  the  ice  border  on  the  Thumb  lower  outlets 
were  found  across  it.  one  near  Ubly,  and  a  lower  one  still  farther  north, 
and  the  Imlay  Outlet  was  abandoned. 

LflAe  Arkona.  The  iov^•est  of  the  three  outlets  across  the  Thumb 
is  not  now  exposed  to  view  because  the  ice  readvanced  and  filled  it. 
This  readvance  raised  the  lake  waters  to  the  level  of  the  next  higher 
or  Ubly  Outlet.  The  beaches  of  the  lake  formed  at  this  lovrer  stage 
are,  however,  preserved  at  certain  places  just  outside  the  moraine  of  re- 
advance  at  lower  levels  than  the  beach  that  opens  into  the  Ubly  Outlet. 
The  name  Lake  Arkona  is  applied  to  this  water  body  that  preceded  the 
advance  of  the  ice,  and  the  features  of  this  lake  have  been  discussed  by 
Taylor  in  an  earlier  report  of  the  Michigan  Academy.^  Its  full  limits 
on  the  north  are  not  known,  but  it  is  supposed  to  have  extended  over 
much  of  the  Saginaw  basin  as  well  as  the  district  east  of  the  Thumb. 
It  appears  also  to  have  extended  eastward  into  ^N^ew  York  beyond 
Buffalo  to  the  vicinity  of  Alden  Avhere  its  beaches  are  preserved  in  a 
protected  situation  back  of  a  moraine,  thus  duplicating  the  features 
noted  on  the  Thumb. 

Lal-e  Whiitlrsei/.  The  stage  of  the  lake  that  accompanied  the  re- 
advance  of  the  ice  and  utilized  the  Ubly  Outlet  has  been  named  Lake 
Whittlesey.  Its  beach  is  the  best  defined  of  the  whole  series  in  the 
Huron-Erie  basin,  and  was  traced  through  much  of  southern  Michigan 
some  70  years  ago  by  Bela  Hubbard.  It  was  used  as  a  highway  or  ridge 
road  in  the  earliest  days  of  settlement  and  still  continues  in  use  ex- 
tensively. It  is  conspicTious  as  far  north  as  the  latitude  of  Tort  Huron 
on  the  east  slope  of  the  Thumb  from  St.  Clair  county  to  Lenawee  and 
thence  continues  around  the  western  and  southern  sides  of  Lake  Erie 
into  western  New  York.  (Fig.  5.)  Its  eastern  terminus  in  Kcav  York 
as  well  as  its  northern  terminus  in  Michigan  is  found  at  a  moraine 
that  marks  the  contemporary  ice  border. 

The  Ubly  Outlet  discharged  to  a  small  lake  in  the  portion  of  the 
Saginaw  basin  southwest  of  Saginaw  Bay  and  thence  through  the  Grand 
Kiver  outlet  to  Lake  Chicago. 

The  beach  of  Lake  Whittlesey  is  horizontal  from  near  Birmingham, 
a  few  miles  north  of  Detroit,  around  the  western  and  southern  sides  of 
Lake  Erie  to  the  vicinity  of  Ashtal)ula,  Ohio,  but  north  from  Birming- 
ham and  east  from  Astabula  it  shows  a  marked  rise  resulting  from 
difterential  uplift.  At  the  Ubly  Outlet  its  altitude  is  about  60  feet 
higher  than  in  the  horizontal  portion,  and  in  western  New  York  it 
reaches  an  altitude   about   150   feet   above  the  horizontal   i)ortion. 

Lake   Worirn.    With  the  recession  of  the  ice  border  from  the  northern 


^Seventh  Report,   1905,  pp.  29-36. 
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part  of  the  Thumb,  Lake  ^^'hittle,sey  abandoned  the  Ubly  Outlet,  and 
the  waters  in  the  Huron-Erie  basin  became  confluent  Avith  those  in  the 
Saginaw.  The  lake  extended  so  far  outside  the  limits  of  the  Saginaw 
basin  that  it  has  seemed  inappropriate  to  call  it  Lake  Saginaw,  and 
the  name  Lake  \\'arren  has  been  applied.     Its  eastern  end  was  in  the 


Fig.   5.      Lake    Whittlese}',    with    correlative    ice    border. 

Finger  Lake  region  of  central  Xew  York,  and  it  covered  a  large  area 
on  all  sides  of  Lake  Erie  (Fig.  G).  During  its  existence  the  ice  was  still 
present  in  the  Ontario  basin  and  prevented  eastward  discharge.  The 
outlet  was  westward  through  Grand  River  to  Lake  Chicago.  Th!e 
Avater  level  was  sufficiently  high  to  submerge  the  site  of  Niagara  Falls  to 
a  depth  of  about  2o0  feet. 


Fig.  6.     Lake  AA'arren,   with  probable  correlative  ice  border. 
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The  lake  has  two  well  defined  beaches  ditfei-ing  about  20  feet  in  level. 
These  beaches  have  suffered  differential  uplift  in  the  S^aginaw  basin  and 
on  the  northern  j^art  of  the  east  slojje  of  the  Thumb,  and  also  in  the 
eastern  part  of  the  Lake  Erie  basin,  but  elsewhere  thev  are  horizontal. 
In  the  horizontal  portion  the  higher  beach  stands  about  6S0  feet  above 
sea  level  or  100  feet  above  Lakes  Huron  and  Michigan  and  the  lower  one 
about  6G0  feet  above  sea  level.  In  western  New  York  the  higher  beach 
reaches  an  elevation  of  880  feet,  or  200  feet  above  the  horizontal  portion. 

Transit ionaJ  Jakes.  (Grassniere  and  Elkton  heaches).  As  the  ice 
border  shrank  into  the  Ontario  basin  jjassages  were  opened  for  the  dis- 
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Fig.  7.  Lake  Algomiiiin  and  Lake  Ironuois,  with  probable  con-elative  ice  border.  Numerals 
and  isobases  indicate  altitude  above  sea  level  of  the  highest  beach  of  these  lakes. 
Isobases  of  Michigan  and  Huron  ba^in.s  by  Taylor  and  Goldthwaite. 


charge  of  the  waters  of  Lake  AA\arren  eastward  past  Syracuse,  New 
York,  to  the  Mohawk  valley,  at  altitudes  low  enough  to  draw  down  the 
lake  level  and  cause  the  abandonment  of  the  Grand  River  Outlet.  The 
ultimate  discharge  by  the  new  route  was  to  the  Atlantic  Ocean  at 
New  York  instead  of  to  the  Gulf  of  Mexico.  Two  weak  beaches  were 
formed  in  southeastern  Michigaxi,  known  as  the  Grassmere  and  the 
Elkton,  at  levels  20  and  40  feet  respectively  below  the  level  of  the  lower 
of  the  two  beaches  of  Lake  Warren.  AVhile  full  tracing  has  not  yet  been 
made  around  the  entire  course  from  Michigan  to  New  York  it  seems 
probable  that  these  beaches  are  to  be  correlated  with  two  of  the  eastern 
outlets,  past  Syracuse. 
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The  lowering-  of  tliis  eastAvard  dir^cliarge  was  not  at  first  sufficient 
to  uncover  Niagara  Kiver,  but  eventually  the  ice  border  shrank  within 
the  Ontario  basin  sutliciently  to  allow  discharge  over  a  low"  col  at 
Rome,  New  York,  the  lake  was  drawn  down  to  a  level  more  than  150  feet 
below  that  of  the  crest  of  Niagara  Falls,  and  the  cataract  came  into 
operation. 

Lale  Eric.  Inasmuch  as  the  eastern  part  of  the  Erie  basin  has  suffered 
considerable  differential  uplift  subsequent  to  the  draining  of  Lake 
AVarren,  the  beginning  of  Lake  Erie  was  as  a  small  body  of  water  in 
the  eastern  end  of  its  basin,  which  has  been  extended  westward  with  the 
raising  of  the  outlet  (Fig.  7).  Evidence  that  it  did  not  formerly  cover 
the  western  part  of  its  area  is  found  in  the  submerged  lower  courses  of 
the  streams  in  the  western  part  of  the  basin-,  especially  that  of  San- 
dusky River,  Avhicli  has  been  traced  by  ]Mosely  entirely  across  the  bed 
of  Sandusky  l^ay.  Evidence  of  a  rise  of  Avater  is  also  found  in  sub- 
merged stalactites  in  the  caves  on  Put  in  Ray  Island  in  the  Avestern  part 
of  the  lake. 

ONTARIO    BASIN. 

Laic  Iroquois.  The  lake  in  the  Ontario  basin  knoAvn  as  Lake  Iro- 
quois (Fig.  7)  began  as  a  narroAv  strip  of  Avater  along  the  front  of  the 
ice  at  the  south  side  of  the  Ontario  basin  and  became  gradually  ex- 
panded over  the  entire  Avidth  of  the  basin  as  the  ice  slieet  melted  back. 
The  discharge  Avas  continued  through  the  MohaAvk  A-alley  during  this  re- 
cession for  the  ice  slieet  completely  blocked  any  passage  doAvn  the  St. 
LaAvrence.  The  level  of  Lake  Iroquois  Avas,  throughout,  considerably 
higher  than  the  present  surface  of  Lake  Ontario.  Its  beaches  have 
suffei'ed  differential  uplift  and  are  much  higher  in  the  northeastern 
portion  of  its  basin  than  in  the  southAAestern.  Inasmuch  as  the  outlet 
is  at  the  side  of  the  basin,  the  effect  of  the  uj)lift  has  been  to  raise  the 
Avaters  on  the  portion  of  the  shore  south  of  an  isobase  running  through 
the  outlet  and  to  cause  the  Avater  to  recede  from  the  jiortion  of  the 
shore  north  of  the  isobase.  The  highest  beaches  of  the  northern  part 
of  the  basin  can  not  be  traced  into  the  southern  part  of  the  basin 
for  the  rise  of  Avater  in  that  part  of  the  basin  has  effaced  them  almost 
completely.  The  single  beach  present  in  the  southern  part  of  the  basin 
is,  therefore,  a  correlatiAe  or  continuation  of  the  loAvest  Iroquois  beach 
of  the  northern  part  of  the  basin. 

Cha II) plain  Hea.  When  the  ice  had  opened  a  passage  northeast  of  the 
Ontario  basin  the  altitude  Avas  so  Ioav  that  the  sea  came  into  the  basin 
(Fig.  8)  and  stood  at  a  level  slightly  higher  in  the  northeastern  portion 
of  the  basin  than  the  present  shore  of  Lake  Ontario,  but  in  the  remainder 
of  the  basin  the  old  sea  level  shore  passes  beneath  the  Avaters  of  Lake 
Ontario.  The  differential  ujjlift  subsequent  to  this  invasion  of  the  sea 
has  giA'en  Lake  Ontario  its  present  extent  and  level. 

LAKE    ALGONQUIN. 

,The  lake  history  thus  far  has  required  a  separate  discussion  for 
each  of  the  lake  basins  but  it  is  noAv  possible  to  consider  a  lake  stage 
that  involves  the  basins  of  the  three  ui)per  lakes,  Superior,  Michigan, 
and  Huron,  for  upon  the  extinction  of  Lake  Warren  and  the  withdrawal 
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of  the  ic-e  from  the  vicinity  of  the  Straits  of  Mackiuao  and  the  Ste. 
Marys  River,  a  single  large  lake,  known  as  Lake  Algonquin  (Fig.  7), 
occupied  the  basins  of  the  present  Lakes  Superior,  Michigan,  and 
Huron,  aiid  part  of  the  intervening  territory.  Sometime  during  the 
life  of  Lake  Iroquois  the  ice  uncovered  the  Trent  valley  in  Ontario 
and  g'ave  an  outlet  for  the  waters  of  Lake  Algonquin  into  this  lake 
in  the  Ontario  basin.  Prior  to  this  the  discharge  had  been  either 
through  the  Chicago  Outlet  or  the  St.  Clair  Outlet,  or  perhaps  through 
both  of  these  outlets.  The  change  to  the  Trent  Outlet  appears  to  have 
been  due  to  lower  altitude  along  that  line  than  either  of  the  other  out- 
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Fig.  8.  Nipissiug  Great  Lakes  and  Cliamplaiii  Sea.  Numerals  aud  isobases  give  altitude 
above  sea  level  of  the  highest  exposed  shore.  Isobases  of  Michigan  and  Huron 
basins  by  Taylor  and  Goldthwaite. 

lets  possessed.  Uplift  in  the  region  bordering  the  Trent  outlet,  how- 
ever, eventually  brought  the  lake  up  to  a  level  high  enough  to  resume 
discharge  through  one  or  both  of  the  former  outlels,  and  to 
cause  the  abandonment  of  the  Trent  outlet.  The  altitude  of  Lake  Algon- 
quin when  brought  up  to  a  redischarge  through  the  southern  outlet 
or  outlets  Avas  about  25  feet  above  the  level  of  Lakes  Huron  and  Michi- 
gan, its  beach  at  the  southern  end  of  Lake  Huron  being  ()Oij  to  (>07  feet 
above  sea  level.  In  the  Lake  ^lichigan  l;asin  it  came  back  to  the  level 
of  the  third  beach  of  Lake  (Miicago  which  is  20  to  25  feet  above  Lake 
Michigan. 

The   conditions   on    tlie    north   side   of   Lake   Su])erior   have   not   been 
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determined  sufficiently  to  afford  data  as  to  the  area  of  the  lake  or  the 
heijilit  of  its  beaches.  Professor  Coleman  has  noted  shore  features 
on  the  northeast  liorder  of  the  Lake  t^nperior  basin  n])  to  an  altitude 
of  about  1,400  feet  above  the  sea  or  800  feet  above  Lake  Superior  which 
are  thoiight  to  rejiresent  the  work  of  Lake  Algonquin.^ 

The  area  of  Lake  Algonquin  has  suffered  differential  uplift  through- 
out the  Superior  basin  and  much  of  the  Huron  basin,  but  uplift  has 
affected  only  the  northern  portion  of  the  Michigan  basin,  as  may  be 
seen  by  reference  to  Fig.  7.  In  the  southern  portion  of  the  Huron  basin, 
and  as  far  north  in  the  IMichigan  basin  as  the  mouth  of  Grand  Traverse 
Bay,  and  the  north  end  of  Door  peninsula  in  Wisconsin,  the  amount  of 
uplift  has  been  but  a  few  feet,  and  the  slope  of  the  beaches  is  therefore 
very  gTadual,  with  scarcely  any  splitting  into  separate  members. 
Farther  north,  however,  the  rate  of  uplift  is  much  more  rapid,  and  the 
beaches  are  found  to  split  up  into  several  members.  The  splitting  of 
the  beaches  shows  clearly  that  the  uplift  was  in  progress  during  the  life 
of  Lake  Algonquin.  The  divergence  of  the  several  members  of  the  Al- 
gonquin shore  amounts  to  more  than  the  uplift  which  has  taken  place 
since  the  lowest  of  the  beaches  was  formed.  It  thus  appears  that  the 
resilience  was  very  rapid  in  the  course  of  the  departure  of  the  ice,  though 
there  was  not  a  complete  restoration  of  the  preglacial  level,  and  a  slow 
rate  of  uplift  is  apparently  going  on  at  the  present  da.y. 

It  is  a  matter  of  interest  to  note  the  area  affected  by  uplift  during 
the  Lake  Algonquin  stage  does  not  extend  so  far  south  in  the  Huron- 
Erie  basin  as  that  which  affected  the  shores  of  Lake  Whittlesey  and 
Lake  Maumee,  but  the  cause  for  the  lessening  of  the  area  of  uplift  is  not 
as  yet  fulh'  established.  The  features  suggest  a  complete  resilience 
in  the  soutliern  portion  of  the  uplifted  area  ver^'  soon  after  the  reces- 
sion 01  the  ice  from  that  area ;  whereas  farther  north  complete  resilience 
has  not  as  yet  been  attained. 

It  will  be  noted  that  the  trend  of  the  isobases  of  Lake  Algonquin 
is  not  uniform  through  all  the  area  of  uplift  (Fig.  7),  the  trend  being 
more  nearly  east  to  west  in  the  Michigan  basin  than  in  the  Huron  and 
Superior  basins.  If  we  may  judge  by  the  isobases  of  Lake  Duluth  in  the 
Avestern  Superior  basin  (Fig.  2).  the  trend  of  the  isobases  is  not  uniform 
throughout  the  width  of  that  basin.  The  tilt  lines  in  different  parts  of 
tlie  Lake  Algonquin  region,  or  lines  at  a  right  angle  to  the  isobases,  have 
a  tendency  to  trend  in  the  direction  of  the  axial  movement  of  the  ice  in 
each  of  the  gi'eat  basins,  the  movement  in  the  Michigan  basin  being  more 
nearly  southward  than  in  the  Superior  and  Huron  basins.  This  may 
signify  that  the  variations  in  the  trend  of  the  tilt  line  have  been  gov- 
erned to  some  extent  by  the  lines  of  heaviest  ice  weighting. 

TRANSITION  LAKES    (BATTLEFIELD  AND  FORT  BRADY  BEACHES ). 

The  Algonquin  Lake  stage  was  brought  to  an  end  b}'  the  opening  of  an 
eastward  passage  along  the  ice  border  into  the  Ottawa  valley,  just  as 
Lake  Warren  was  brought  to  an  end  by  the  opening  of  a  passage  along 
the  ice  border  into  the  Mohawk  valley.  The  Ottawa  valley  is  several 
miles  in  width,  and  the  ice  border  appears  to  have  shrunk  across  it  from 

^Eighteenth  Annual   Report,   Bureau  of  Mines,  Ontario,   1909,  pp.   286-87. 
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south,  to  nortli  .so  that  the  earliest  discharge  was  along  the  face  of  the 
south  bluff.  It  is  probable  also  that  after  the  main  valley  had  been 
uncovered  ice  lobes  protruded  into  it  from  northern  tributaries  and 
blocked  it  up  sufficiently  to  hold  the  waters  considerably  above  the  level 
of  the  valley  bottom.  Features  pointing  to  such  a  history  ar^e  found 
in  the  occurrence  of  weak  shore  lines  in  the  Huron,  Michigan  and  Su- 
perior basins  at  levels  too  low  to  be  included  in  the  Algonquin  beaches 
and  too  high  for  the  Xipissiug  shore.  There  are  two  such  shore  lines, 
the  higher  of  which  is  known  as  the  Battlefield  beach,  because  well  de- 
veloped on  the  battle  grounds  on  Mackinac  Island,  while  the  lower  is 
termed  the  Fort  Brady  beach,  it  being  well  develo])ed  at  Fort  Brady  near 
Sault  Ste.  Marie. 

NIPISSIXG    GREAT    LAKES. 

The  Nipissing  Great  Lakes  began  with  the  complete  lowering  of  the 
lake  waters  to  the  level  of  the  low  pass  that  leads  from  Georgian  Bay 
eastward  past  Lake  Nipissing  into  the  Ottawa  valley  (Fig.  8).  The 
present  small  lake  east  of  Georgian  Bay,  known  as  Lake  Nipissing,  lies 
near  the  head  of  the  old  outlet.  The  term  Nipissing  Great 
Lakes  is  applied  because  of  the  close  association  of  the  Nipissing  shore 
at  its  latest  stage  with  the  shore  of  the  modern  lakes  in  the  Michigan, 
Huron,  and  Superior  basins. 

At  the  outlet  by  Georgian  Bay  and  in  the  extreme  northeast  jiart  of 
the  Superior  basin  uplift  has  been  sufficient  to  give  the  beach  an  alti- 
tude about  120  feet  above  the  modern  lakes.  It  falls  to  only  15  feet 
above  the  lake  at  the  southern  end  of  Lakes  Huron  and  Michigan  and 
drops  slightly  below  the  level  of  Lake  Superior  in  the  western  i)ortion 
of  its  basin. 

At  the  time  the  Nipissing  Great  Lakes  began  eastward  discharge,  the 
altitude  of  the  outlet  ai)i)ears  to  have  been  considerably  lower  than  that 
of  the  Chicago  or  St.  Clair  outlet,  and  the  lake  was  drawn  down  to  a 
somewhat  smaller  area  than  the  present  area  of  Lakes  Michigan  and 
Huron.  As  the  uplift  of  the  outlet  progressed  the  lake  became  extended 
with  the  rise  of  the  waters  until  it  resumed  an  outHow  through  the 
St.  Clair  River.  The  beach  known  as  the  Nipissing  beach,  on  the  borders 
of  the  Huron  and  Michigan  basins,  and  also  of  the  portion  of  the  Sui)e 
rior  basin  south  of  an  isobase  running  through  the  outlet,  was  formed 
after  the  lake  had  become  expanded  sufficiently  to  have  a  discharge 
through  the  St.  Clair  as  well  as  the  Ottawa  outlet.  It  is,  therefore, 
the  beach  of  a  two  outlet  stage.  The  part  of  the  Nipissing  shore  north 
of  an  isobase  running  through  the  head  of  the  Ottawa  outlet  exposes  a 
series  of  l)eaches  formed  prior  to  the  two  outlet  stage,  as  well  as  the 
beach  of  that  stage.  The  continuation  of  these  earlier  beaches  is  sub- 
merged in  the  portion  of  the  lake  area  south  of  the  isobase  running 
through  the  head  of  the  outlet. 

The  direction  of  tilting  of  the  Nipissing  shores  does  not  coincide 
precisely  with  the  tilt  lines  of  the  Algonquin  shores,  being  in  places  a 
few  degrees  to  the  east.  The  amount  of  ui)lift  is  very  much  less  than 
that  affecting  the  Algonquin  beaches.  The  horizontal  portion  of  the 
Nipissing  beach  extends  over  about  the  same  area  as  that  of  the 
horizontal     ]>ortion     of     the     Algonquin     and     includes     the     southern 
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portion  of  Saginaw  Bay  and  Lake  Huron  and  fully  two-tliirds 
of  the  basin  of  Lake  Michigan.  The  tilting  affects  the  entire  area  of  the 
Superior  basin.  There  has  been  about  100  feet  of  uplift  at  the  head 
of  the  Ottawa  outlet  since  it  was  abandoned.  The  abandonment  of  this 
outlet  marks  the  beginning  of  the  modern  Great  Lakes.  The  shore  of 
Lake  Nipissing  formed  at  the  two  outlet  stage  just  preceding  the  aban- 
donment of  the  Ottawa  Outlet  is  everywhere  a  strong  feature,  and  indi- 
cates that  the  duration  of  this  stage  was  comparatively  long.  It  would 
seem  to  require  a  length  of  some  centuries  if  not  some  thousands  of 
years.  Its  duration  was  such  a.s  to  suggest  a  lessening  if  not  a  cessation 
of  the  differential  uplift  that  led  to  the  rising  of  the  lake  to  the  two 
outlet  stage. 

THE   MODERN   GREAT   LAKES. 

In  view  of  the  changes  which  \ia\e  been  experienced  by  the  bodies  of 
water  in  the  Great  Lakes  basins  as  just  outlined,  it  l>ecomes  a  matter  of 
interest  to  determine  whether  the  present  Great  Lakes  will  undergo  im- 
portant changes  in  the  future.  There  are  of  course  processes  at  work 
on  the  shores  of  all  lakes  which  tend  toward  the  tilling  and  extinction 
of  the  water  bodies.  Material  is  brought  in  by  streams  and  the  deltas 
are  extended  out  into  the  lakes,  while  the  fine  material  is  carried  on 
to  settle  over  the  deeper  portions  of  the  beds.  The  material  which  is 
cut  by  waves  along  the  shores  is  also  dei>osited  in  the  deeper  parts  of 
the  basins  as  well  as  on  the  borders  of  the  lakes.  In  the  course  of  many 
thousands  of  years,  therefore,  the  lakes  would  become  filled  by  these 
ordinary  processes.  There  will  also  be  more  or  less  lowering  of  the  out- 
lets of  the  lakes  by  erosion.  In  this  way  the  level  of  Lakes  Michigan 
and  Huron  has  already  been  lowered  about  15  feet  by  the  cutting  down 
of  the  St.  Clair  Outlet  at  the  south  end  of  Lake  Huron.  Should  the 
recession  of  Niagara  Falls  continue  until  Lake  Erie  is  reached,  the 
barrier  over  which  the  water  from  Lake  Erie  now  discharges  would  be 
removed  and  the  level  of  the  lake  correspondingly  lowered.  In  ojtposi- 
tion  to  the  processes  of  erosion  comes  that  of  differential  uplift  and  this 
appears  to  be  affecting  the  outlets  of  some  of  the  lakes  and  it  may 
cause  considerable  shifting  of  the  lines  of  discharge. 

Observations  on  the  changes  in  level  in  the  Great  Lakes  basins  under- 
taken by  Gilbert,  indicates  that  a  tilting  is  still  in  progress,  and  that 
the  direction  of  the  tilting  is  about  the  same  as  that  in  the  Xipissing 
shores,  or  in  a  general  north-northeast  direction.  The  portion  of  the 
Michigan  basin  south  of  an  isobase  running  east-southeast  through  the 
head  of  the  St.  Clair  outlet  is  apparently  undergoing  an  extension  of 
the  lake,  but  the  Huron  basin  and  the  portion  of  the  Michigan  basin 
north  of  this  isobase  show  a  shrinking  of  the  lake  from  the  present  shore. 
The  poi-tion  of  Lake  Superior  south  of  an  isobase  running  from  the  outlet 
west-northwest  and  striking  the  north  shore  near  the  line  of  the  United 
States  and  Canada  is  undergoing  a  rise  of  water  on  the  shore,  while 
that  north  of  the  line  is  shrinking  from  the  shore.  This  shrinking  has 
exposed  a  beach  known  as  the  Sault  beach  which  is  submerged  along  the 
south  shore.  In  the  Lake  Erie  basin,  and  also  in  the  Lake  Ontario, 
there  is  an  expanding  of  the  entire  shore  line  because  the  outlets  are 
at  the  end  where  ujtlift  is  most  rapid.     In  the  course  of  time  the  uplift 
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of  tlie  outlet  of  Lake  Erie  may  be  sufficient  to  bring  tliat  body  of  water 
up  to  the  level  of  Lakes  Michigan  and  Huron,  for  it  now  lacks  only  7 
or  8  feet  of  being  as  high  as  this  higher  Avater  body.  The  continuation 
of  the  uplift  would  bring  the  water  at  Chicago  to  a  level  high  enough  to 
produce  a  reoccupancy  of  the  Chicago  Outlet  as  a  line  of  discharge. 
There  might  then  be  a  tAvo  outlet  stage  such  as  occurred  in  the  case  of 
Lake  Nipissing,  one  outlet  being  as  at  present  over  Niagara  Falls,  and 
the  other  southAvestward  along  the  old  Chicago  Outlet.  A  further  con- 
tinuation of  the  uplift  might  result  in  the  abandonment  of  the  Niagara 
Outlet. 

The  estimated  rate  of  uplift,  as  determined  by  Gilbert,  is  only  .42 
of  a  foot  in  100  miles  in  a  century,  or  someAvhat  less  than  2  feet  in  100 
years  at  the  opposite  extremities  of  the  Georgian  Bay-Lake  Michigan 
body  of  water.  The  contingencies  above  mentioned,  if  uplift  continues 
at  the  present  sIoav  rate,  lie  many  centuries  in  the  future,  and  there 
is  a  possibility  that  the  uplift  may  die  out  entirely  before  the  lake 
reaches  a  stage  high  enough  to  transfer  the  discharge  from  Niagara 


to  Chicago. 


HISTORY    SHOAVN    BY    NIAGARA    FALLS. 


The  scA'eral  changes  of  volume  in  the  discharge  from  the  Lake  Erie 
basin  over  the  falls  of  Niagara  are  found  to  be  clearly  represented  in 
the  bed  of  the  gorge  beloAV  the  falls.  Dnring«the  time  when  only  Lake 
Erie  AA^as  discharging  over  the  falls,  and  Lake  Algonquin  had  its  dis- 
charge through  the  Trent  Outlet,  the  bed  of  the  gorge  Avas  excavated  to 
a  shalloAV  depth,  but  Avhen  the  large  discharge  of  Lake  Algonquin  was 
united  to  that  of  Lake  Erie  a  deeper  excavation  occurred  in  the  vicinity 
of  the  whirlpool.  Then  Avhen  the  Nipissing  Great  Lakes  had  eastward 
discharge  and  left  only  Lake  Erie  to  discharge  over  the  falls  a  shallow- 
portion  of  the  bed  of  the  gorge  betAveen  the  A\hirlpool  and  the  suspen- 
sion bridge  marks  the  Avork  done  by  the  small  Lake  Erie  Outlet.  With 
the  return  of  the  Avaters  that  came  about  in  the  change  from  the 
Nipissing  Great  Lakes  to  the  modern  Great  Lakes  a  deep  excavation  of 
the  bed  of  the  gorge  set  in  Avhich  continues  to  the  base  of  the  present 
Horseshoe  Fall. 

The  rate  of  recession  of  Niagara  Falls  has  been  a  subject  of  careful 
iuA^estigatiou  in  order  to  form  a  basis  for  an  estimate  of  the  length  of 
time  inA'Oh-ed  in  the  entire  recession  of  the  cataract.  The  American 
Fall,  which  carries  only  a  small  amount  of  Avater  probably  illustrates 
conditions  Avhich  obtained  during  the  times  of  small  discharge,  Avhile 
the  Horseshoe  Fall  shows  a  recession  by  Avhich  the  measurement  of  the 
time  invoh-ed  in  the  discharge  of  the  gi-eat  volume  of  water  can  be 
made.  By  means  of  these  studies  of  the  recession  of  the  present  falls 
it  is  estimated  that  the  time  can  not  be  less  than  15,000  years  and  it 
may  be  as  great  as  30,000  years  since  the  cataract  came  into  operation, 
that  is,  when  Lake  Warren  had  given  place  to  Lake  Erie.  From  this  it 
appears  that  the  time  involved  in  the  entire  lake  history  from  the  be- 
ginning of  Lake  Chicago  and  Lake  Maumee  doAvn  to  the  pi-esent  can 
not  well  be  less  than  20.000  to  25,000  years  on  the  basis  of  the  lesser 
estimate  of  15,000  years  for  the  recession  of  Niagara,  and  it  would  con- 
siderably exceed  30,000  years  on  the  basis  of  the  larger  estimate.     This 


MICHIGAN   ACADEMY   OF   SCIENCE.  41 

places  the  enlmiuation  of  the  kst  stage  of  glaciatiou  back  some  50,000 
years  or  more.  These  figures,  while  merely  approximate,  serve  to  indi- 
cate in  a  rude  Avay  the  order  of  magnitude  of  the  time  involved  in  the 
changes  shown  in  the  history  of  the  (ireat  Lakes. 

BIBLIOGRAPHICAL  NOTES. 

Space  will  not  permit  a  complete  bibliography  of  the  Great  Lakes  Re- 
gion for  there  are  several  hnndred  titles.  A  few  notes,  however,  will  be 
jiresented  which  may  serve  to  put  those  interested  in  the  subject  on 
the  track  of  the  literature. 

A  fairlv  complete  bibliographv  of  North  American  Geologv  is  given 
in  Bulletins  127,  188,  189,  301,  372.  and  409  of  the  United  States  Geo- 
logical Survey.  These  Bulletins  are  so  arranged  that  it  is  possible  to 
find  many  titles  under  the  name  of  the  State  or  Province,  or  under  cer- 
tain  subjects    (as  Pleistocene),  as  well  as  under  an  author's  name. 

A  few  students  have  given  especial  attention  to  the  features  of  the 
Great  Lakes,  among  whom  should  be  mentioned  F.  B.  Taylor,  J.  W. 
Spencer,  H.  L.  Faircliild,  G.  K.  Gilbert,  Warren  Upham,  A.  C.  Lawsoii, 
W.  C.  Alden,  E.  L.  Moseley,  J.  W,  Goldthwaite  and  the  present  writer. 
Many  others  have  given  incidental  attention  to  lake  features  in  con- 
nection with  other  investigation.  Tliis  is  the  case  with  persons  Avho 
have  prepared  county  reports  of  Ohio,  Michigan,  Indiana,  Illinois,  and 
Minnesota,  and  district  I'eports  in  Ne\v  York,  Wisconsin  and  Ontario. 
Contributions  of  this  sort  have  been  made  bv  Charles  Whittlesey,  M.  C. 
Read,  A.  A.  Wright,  J.  S.  Newberry,  N.  H.  Winchell,  and  G.  K.  Gilbert, 
in  the  Ohio  geology;  by  W.  H.  Sherzer,  A.  C.  Lane,  W.  F.  Cooper,  W.  M. 
Gregory,  and  I.  C.  Russell,  in  the  Michigan  reports;  by  W.  S.  Blatchley 
and  C.  R.  Dryer  in  Indiana  reports,  and  by  H.  M.  Bannister  in  Illinois 
reports.  The  old  beaches  of  the  Avestern  shore  of  Lake  Michigan  have 
been  discussed  by  Goldthwaite  in  Bulletins  of  the  Illinois  and  Wiscon- 
sin surveys.  Early  descriptions  of  tlie  beaches  of  eastern  Wisconsin  were 
made  bv  Chamberlin  in  the  Geolog'v^  of  Wisconsin.  The  beaches  of  the 
portion  of  New  York  bordering  the  Erie  and  Ontario  basins  have  been 
made  a  subject  of  special  investigation  by  Fairchild  and  have  received 
incidental  attention  from  several  other  geologists.  The  beaches  in  On- 
tario have  been  studied  extensively  by  J.  W.  Spencer  and  also  by  Taylor 
and  Goldthwaite,  and  have  received  incidental  attention  of  Chalmers, 
Coleman  and  other  members  of  the  Canadian  Survey. 

The  ancient  shores  of  the  Great  Lakes  attracted  the  attention  of 
travellers  and  explorers  in  the  early  part  of  the  19th  century,  mention 
of  such  features  being  made  by  J.  J.  Bigsby  in  1821,  by  DeWitt  Clinton 
in  1824,  and  by  Featlierstonehaugh  in  1831.  The  beaches  on  the  borders 
of  the  Lake  Superior  basin  attracted  the  attention  of  the  members  of 
the  Land  Survey  and  are  mapped  in  many  places  in  districts  covered 
by  W.  A  Burt  and  Douglas  Houghton.  Members  of  the  First  Geologi- 
cal Survey  of  Michigan,  notably  Bela  Hubbard,  and  C.  C.  Douglas, 
gave  attention  in  1838  to  1840  to  the  ancient  beaches  of  soutlieastern 
Michigan  and  in  the  vicinity  of  the  Straits  of  Mackinac;  while  the  old 
beaches  south  of  Lake  Superior  received  the  attention  of  Agassiz 
and  Desor  about  1850.  In  Schoolcraft's  Narrative  Journal  of  Travels 
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in  1820  tbe  shore  features  of  Lake  St.  Clair,  the  west  side  of  Lake 
Huron,  both  sides  of  Lake  Michigan,  and  part  of  the  soutli  shore  of  Lake 
Superior,  are  described  with  considerable  accuracy.  The  narrative  also 
reviews  the  explorations  by  Marquette,  Joliet,  LaSalle,  Hennepin,  La- 
Hontan,  and  Charlevoix  in  the  Great  Lakes  region. 
Ann  Arbor,  April  1!)10. 
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ON   THE  GLACIAL  ORIGIX  OF  HrROXTAX  ROCKS    OF    NIPIS- 

SIXG,  OXTARIO. 

REGINALD    E.     HORE. 

In  the  eariv  (184G  et  scq.)  reports  of  the  Canadian  Geological  ^^llr- 
vey  there  appear  descri])tions  bv  ^sir  Wni.  Logan  of  a  series  of  non- 
fossiliferous  clastic  rocks  found  on  the  west  shore  of  Luke  Teniiskaming 
and  north  of  Lake  Huron.  Logan  correlated  the  rocks  of  the  two 
localities  and  gave  them  the  name  Huronian.  He  believed  them  to  be 
younger  than,  and  made  uji  jiartly  of  detritus  from,  the  Laurentian, 
a.nd  his   conclusions  have   been   verified   by   later   observers. 

Recently  these  rocks  have  attracted  mor^e  than  local  interest  on  ac- 
count of  the  discovery  of  rich  silver  veins  at  Cobalt.  In  six  years  this 
camp  has  yielded  sixty-three  million  ounces  of  silver  at  a  net  profit 
of  seventeen  million  dollars,  and  it  is  expected  that  the  production 
of  the  coming  year  will  be  greater  than  that  of  any  previous. 

As  a  result  of  their  economic  importance  the  rocks  have  been  sub- 
ject to  much  closer  examination  than  before,  and  many  interesting 
features  have  been  noted.  Among  these  are  j)eculiar  characters  which 
are  strongly  suggestive  of  the  existence  of  glaciers  in  Xipissing  in  early 
Huronian  times. 

Dr.  A.  P.  Coleman^  who  has  made  a  study  of  these  rocks  from  the 
stand  point  of  the  glacialist,  has  gathered  evidence  from  which  he 
concludes  that  there  is  no  doubt  of  the  glai-ial  origin  of  the  basal  con- 
glomerate of  the  lower  Huronian. 

If  is  purposed  here  to  present  some  facts  which  be<ir  on  this  question. 

As  will  ap])ear  from  the  accompanying  table  the  chief  rocks  in  this 
district  are  of  the  Archean  and  Algonkian  groups.  These  are  separated 
by  a  very  marked  unconformity  and  the  interval  was  doubtless  the  great- 
est which  occurred  in  I're  Cambrian  times.  There  is  no  good  reason 
to  dotibt  that  for  a  long  jieriod  of  time  the  Archean  rocks  were  being 
worn  down  by  all  or  any  of  the  erosive  agents  now  active. 

The  Huronian  series  doubtless  represent  a  portion  of  the  secondary 
rocks  thus  formed,  and  they  are  entirely  composed  of  detrital  material. 
They  are  conveniently  grouped  into  an  upper  and  a  lower  series  wliich 
are  generally  conformable  but  in  some  localities  separated  by  a  slight 
unconformity. 

The  upper  series  is  made  up  largely  of  medium  grained  feldspathic 
quartzite  with  a  little  conglomerate  material.  It  presents  no  unusual 
feature  and  doubtless  represents  the  hardened  accumulation  of  a  felds- 
]>athic  sand  derived  from  siliceous  holocrystalline  igneous  rocks  of  the 
Laurentian  group. 

The  lower  series  is  made  up  largely  of  conglomerate,  shale,  grey- 
wacke,  and  feldspathic  quartzite.  In  many  cases  there  is  gradual  grada- 
tion vertically   from   one  of  these  t^'pes  to  another.     Less  often  there 

'The  Lower  Huronian  Ice  Age.   ,7our.   Geol..   Vol.  XVI.   llMtS,   pp.   14".*-1.'.8. 
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is  a  sharp  division  liuc.  Tlio  oompositiou  of  one  stratum  is  often 
fairly  constant  for  some  distance ;  but  in  some  cases  a  distinct  cliange 
takes  i)lace  in  a  few  feet  laterally  as  well  as  vertically. 

ROCKS  OF  THE  NIPISSING  SILVER  FIELDS. 


f  Recent Clay,  marl.  peat. 

I.    Cenozoic. . . -I  Pleistocene (1).  Coar.-^e    unstratitied    material — .sand,  gravel,    bowlders;    (2). 

L  Stratitied  clay  with  .«ome  .sand. 


Great  unconformity: 
[  Silurian. 
II.    Palaeozoic...  ^ 


Great  unconformitii: 

'  Keweenawan . 


III.    .Vlgonkiaii . 


C.rey  limestone  with   some   interbedded  greenish  shales,   and  at 

the  ba.se  an  arenaceous  conglomerate. 
Correlated  with  Niagara  of  New  York  State. 

•  Igneous  intrusives  only.  Chiefly  quartz  diabase  and  quartz 
gabbro  with  acid  differentiation  proaucts.  Some  olivine  diabase 
and  diabase  p;>rphyritc  dykes. 

Igneous  contact: 
Htironian Sedimentary  rocks  only. 

(a)  .\n  upper  series.  Probably  equivalent  to  Middle  Huronian 
of  Lake  Superior  district.  Chiefly  feldspathic  quartzite  with 
some  conglomerate. 

Sligfit  unconfonniti/: 

(b)  A  lower  series.  Probably  equivalent  to  Lower  Hurotiian  of 
Lake  Superior  district.  Chietly  greywacke.  shale,  conglomerate, 
and  feldspathic  quartzite.  The  '  conglomerate  pebbles  are 
mostly  of  holocrystalline  igneous  rocks,  the  matrix  greywacke 
and  grey  shale.  The  rocks  are  seldom  schistose  except  as  the 
result  of  contact  metamorphism. 


Great  unconformitii: 

f  Laureniian. 


IIV.    .Vrchean.. 


.Igneous  intrusives  only.     Holocrystalline   light    colored  siliceous 
rocks.     Chiefly  granites,  diorite,  syenites  and  gneisses. 

Igneous  contact: 
Keewatin. . .  ■ .  .Igneous  and  sedimentary  rocks.  All  much  metamorphosed,  many 
being  chlorite,  hornblende  and  sericite  schists. 
The  relative  age  of  the  igneous  and  sedimentary  rocks  is  doubtful 
The  agglomerates  were  probably  contemporaneous  with  some  of 
the  non-clastic  volcanic  rocks,  and  may  be  contemporaneous 
with  the  other  sediments.  The  igneous  rocks  are  chiefly  of 
extrusive  types. 


E-rtrusires . 


Intrusives. 


Sediments. 


.  (1)  Dark  colored  basic  rocks — basalts — mostly 
with  composition  and  texture  of  altered  dia- 
bases. 
(2)  Light  colored  siliceous  rocks — felsite  por- 
phyries— mostly  quartz  porphyries  which  have 
been  altered  to" sericite  schists. 

.  (1)  Basic  rocks,  mostly  diabase  and  gabbro. 
(2)  Siliceous  rocks,  mostly  quartz  porphyries  and 
porphyrites, 

.  (1)  The  iron  formation,  chert,  jasplite,  carbonates, 

slates  and  green  schists. 
(2)  Fragmental    volcanic    rocks — a    grey    felsite 
agglomerate. 


The  shales  are  for  the  most  part  of  j>rey  color,  less  often  greenish 
black.  Occasionally  they  are  interbanded  with  layers  of  purple,  green, 
and  pale  gray  colors.  The  ihief  recognizable  minerals  are  quartz  and 
altered  feldsi)ars,  minnte  scales  of  chlorite  and  sericite,  and  small  grains 
of  epidote,  titanite  and  iron  ores.  In  mineralogical  and  chemical  com- 
position they  are  not  nullke  green  shales  of  other  formations. 

The  qnartzites  are  in  most  instances  feldspathic  and  grade  insensibly 
into  typical  arkoses.  They  are  usually  very  massive,  fine  to  medium 
grained  and  not  unlike  light  colored  granite  in  apjvarance.  It  is  often 
very  diflicult  to  determine  their  strnttnre.  as  they  are  seldom  well 
marked   bedding  i>lanes.     There   are   however  instances    in    which    the 
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beddiug-  is  indicated  by  vai-ialioii.s  in  llu>  size  and  i-elalive  proportions 
of  the  varions  <>rains  and  other  cases  in  Nvliicli  it  is  indicated  bv  hori- 
zontal jointing.  The  rotk  is  very  largel.v  composed  of  quartz  and  feld- 
s|.'ar.  Sericite  and  kaolin  are  ]ir(niiinent  in  light  cohered  varieties 
and  chkirite  in  tlie  (hirker.  Titanite  and  iron  ores  are  nsmilly 
present  in  snuill  (inantity.  Tlie  feUlspar  and  quartz  grains  are  often 
well  rounded  but  quite  as  frtHpiently  angnlar  or  subangular. 

Closely  allied  lev  the  shales  and  arkoses  are  the  greywackes.  The 
chief  recognizable  const  it  nents  in  these  are  leldspar.  ((uartz,  a  dark 
chlorite  and  a  pale  colored  mica.  Less  abnndant  are  small  ])articles 
of  ii-on  ore  and  ejfidote.  while  ])yroxene  and  amphibole  are  rare.  With 
the  minerals  are  angular  and  ronnded  rock  particles  of  varions  sizes. 
Rock  of  this  type  in  some  instances  is  found  in  massive  beds  of  uni- 
form character,  vei*y  line  grained  and  of  grey  to  greenish  color.  Similar 
nuiterial  forms  the  matrix  of  much  of  the  boulder  conglomerate. 

The  couglonuuate  is  remarkable  for  its  heterogeneous  appearance. 
Not  only  are  the  boulders  of  a  great  variety  of  tyjtes  but  in  nmny  cases 
they  show  no  evidence  of  arrangement  according  to  size.  Frequently 
one  finds  boulders  a  foot  in  diameter  scattered  irregularly  and  sparsely 
through  an  aphanitic  matrix  of  shale  or  greywacke,  thus  simulating 
glacial  de])osits.  In  other  cases  there  are  thick  beds  of  shale  cpiite  free 
from  such  erratics.  There  are  also  beds  of  boulders  of  nearly  eipial 
size  packed  close  together  and  with  but  little  of  tine  grained  matrix,  as 
in  an  ordinary  water  accumulation  of  coarse  gravel.  In  some  instances 
the  ai>hanitic  beds  are  distinctly  laminat(Ml  as  in  ordinary  watm-  lain 
clay,  while  again  similar  material  forms  a  compact  rock  lacking  in 
well  developed  bedding  planes. 

As  a  general  rule  the  large  boulders  are  well  rounded  or  snbangular; 
but  there  are  occasional  streaks  <(nitainin-g  markedly  angnlar  frag- 
ments. Dr.  Colennui  found  some  boulders  at  (N^balt  which  show  striae 
and  concave  surfaces. 

The  matrix  of  the  conglomerate,  which  is  often  greywacke  and  less 
often  shale,  contains  numerons  angnlai-  particles  of  (pmrtz,  feldspar, 
chert,  and  felsites,  I'articles  of  snch  shajie  are  very  characteristic  of, 
though  they  are  by  no  means  found  only  in,  glacial  debris. 

Where  the  contact  of  the  conglomerate  with  underlying  rocks  has 
been  found  there  is  a  m)tewortIiy  lack  of  alteration  in  the  older  rocks. 
If  they  were  deeply  disintegrated  by  siirface  weathering  the  material 
must  have  been  removed  by  a  very  el'licient  agent.  This  again  suggests 
ice  action.  In  a  few  of  the  contacts  the  line  of  demarcation  is  less  dis- 
tinct, as  is  ordinarily  the  case  with  unconformities  in  water  lain  sedi- 
ments. Naturally  the  contacts  of  the-  latter  ty])e  are  not  so  likely  to 
be  found  as  those  of  the  former. 

There  has  not  yet  been  found  a  smooth  or  striated  floor.  The  basal 
conglomei-ate,  in  some  cases  at  least,  has  been  formed  in  situ  and  is 
made  up  of  detritus  from   the   immediately  adjacent  rocks. 

Prof.  Colenmn  does  not  consider  that  the  lack  of  discovery  of  a  char- 
acteristic glacial  lloor  precludes 'the  ])ossibility  of  the  material  having 
been  placed  by  ice,  and  lefeis  to  well  known  instances  in  which  snch  a 
floor  is  lacking. 

The    localities    s|ieciall\-    mentioned    by    Dr.    Coleman    are   Cobalt    and 


46  TWELFTH   REPORT. 

Temagauii.  Cobalt  Lake,  ou  Avliich  the  town  is  situated,  lies  almost 
entirely  in  Huron ian  conglomerate.  The  conglomerate  in  turn  lies  in 
a  deeper  valley  formed  by  rocks  of  the  Keewatin  group.  It  might  be 
expected  therefore  that  the  coarser  material  in  the  conglomerates  would 
be  largely  detritus  from  those  old  greenstones  and  cherts;  but  such 
is  by  no  means  the  case.  The  basal  portion  is  made  up  very  largely  of  ma- 
terial similar  to  that  Avhicli  enclosed  the  old  valley ;  but  the  greater 
Ix>rtion  of  both  boulders  and  matrix  is  quite  ditferent.  There  are  not 
now  exposed  any  near-by  hills  from  which  these  materials  might  have 
been  brought  down,  nor  is  there  good  reason  to  believe  that  such  hills 
existed  in  Huronian  times.  The  nearest  outcrops  of  Laurentian  rocks 
from  which  many  of  the  boulders  nmy  have  been  derived  are  some  miles 
distant.  Many  of  the  large  boulders  are  quite  unlike  any  rocks  which 
have  been  found  in  place  in  the  district.  Evidently  ice  was  the  most 
comjietent  agent  to  bring  such  materials  to  their  present  ix»sitiou,  and 
to  deposit  them  in  such  a  heterogeneous  manner. 

At  Temagami  the  conglomerate  lies  on  and  at  its  base  contains  numer- 
ous fragments  of  Keewatin  schists.  The  conglomerate  also  contains 
numerous  rounded  and  subangular  bouldei's  of  rocks  not  found  close 
by.  The  underlying  rock  presents  a  fairly  fresh  but  not  a  smooth  sur- 
face. The  matrix  of  the  basal  conglomerate  contains  numerous  well 
formed  rhombohedra  of  siderite  and  similar  crystals  are  abundant  in 
shale  and  (piartzite  beds  in  the  conglomerate.  They  are  evidently  de- 
rived by  Aveathering  from  the  adjacent  iron  formation,  and  the  crystals 
were  growing  freely  contemporaneous  with  the  mechanical  deposition  of 
clay,  sand,  and  boulders.  It  is  probable  therefore  that  the  conglomer- 
ate was  formed  under  water  and  that  there  was  carbonate  in  solution. 
If  the  larger  eri-atics  were  brought  by  ice  it  was  probably  not  land  ice. 

Summary — In  ai»i>earauce  the  conglomerate-quartzite-shale  series  of 
the  Huronian  represents  nothing  so  closely  as  compacted  glacial  and 
glacio-flmial  debris.  The  finding  of  striated  and  soled  pebbles  confirms 
the  supposition  of  such  an  origin.  The  character  of  the  contacts  thus 
far  found  do  not  disprove  that  glaciers  placed  the  basal  conglomerate, 
though  they  suggest  that  such  was  not  the  case. 

There  are  some  sudden  transitions  from  shale  to  coarse  conglomerate 
which  suggest  that  the  earlier  deposits  may  have  been  overriden  by 
land  ice.  It  seems  probable  however  that  part  of  the  material  was  de- 
posited under  water  and  that  floating  ice  contributed  its  load  of  glacier 
derived  material. 

There  is  no  reason  for  supposing  that  the  thick  boulder  free  beds  of 
shale  and  greywacke  are  not  ordinary  water  lain  sediments,  though 
they  may  contain  glacial  flour. 

Michigan  College  of  Mines,  Houghton,  Mich.,  April,  1910. 
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THE  CONTOUR  OF  THE  SYLVANIA  SANDROCK  AND  RELATED 
STRATA  IN  THE  DETROIT  RIVER  AREA. 

REV.    THOMAS    XATTtlESS. 

The  beds  exposed  witliiii  the  new  Livingstone  Channel  cofferdam  at 
Stony  Ishmd,  in  Detroit  River,  do  not  at  first  sight  offer  any  decisive 
chie  to  their  horizon  such  as  the  Devonian  at  the  month  of  the  Salt 
Shaft  at  South  Detroit  affords;  and  have,  perhaps  as  a  consequence, 
been  mistaken  by  high  authority  for  Later  Silurian  deposits,  whereas 
they  are  older  than  the  Sylvania  Sandrock. 

Stony  Island  itself  forms  a  part  of  the  wall  of  the  coft'erdam,  at 
the  west  side  of  the  dam.  If  we  take  this  island  as  a  centre  we  shall 
find  Sylvania  sandrock  S.W.,  in  the  extreme  S.E.  corner  of  Wayne 
County,  in  Michigan ;  S.,  on  the  foot  of  Bois  Blanc  island ;  S.E.,  off 
Bois  Blanc,  in  the  east  channel  of  Detroit  river  and  on  Elliot's  Point, 
in  the  Dr.  Green  Shaft;  S.E.  x  E.,  in  the  Caldwell  Grove  well;  E.  x 
N.E.,  in  the  Sucker  Creek  test  hole  in  Anderdon ;  N.E.,  approaching 
Lake  St.  Clair;  N.,  in  the  Salt  Shaft  at  South  Detroit;  and  N.W.,  in 
rock  wells  in  AVyandotte. 

The  area  unwatered  inside  the  cofferdam  falls  away  toward  the  S.W., 
S.E.,  N.  E. ;  W.,  S.,  E.,  and  N.  Within  this  area  ^  the  rock  cutting 
for  the  new  channel  that  is  being  made  to  facilitate  navigation,  reveals 
an  anticlinal  formation  of  Silurian  rock. 

The  cap  of  the  anticline  within  the  cut  is  abreast  of  Stony  island, 
the  island  itself  being  the  highest  jiart  of  what  has  been  an  insular  up- 
lift since  somewhere  in  Silurian  time,  a  part  of  the  great  Cincinnati 
anticline. 

South  from  the  cap  of  the  Stony  island  anticline  the  strata  bank 
up  against  it  at  an  angle  to  the  south  limit  of  a  block  that  has  faulted. 
Southward  of  this  the  dip  of  the  newer  strata  is  much  greater.  In  a  dis- 
tance of  300  paces  from  the  point  where  the  strata  begin  to  bank  up 
against  the  higJiest  elevation  of  the  weathered  anticlinal  surface  within 
the  cut  an  additional  30  feet  of  strata  are  picked  up;  and  in  a  total 
of  3,330  feet  in  length  of  exj)Osure  there  is  a  de])tli  of  55  feet  of  rock 
of  higher  horizon  than  the  cap  stratum  of  the  anticline. 

At  the  south  end  of  the  area  excavated  within  the  dam  a  minimum 
of  five  feet  of  rock  required  to  be  removed  to  get  contract  grade;  at 
the  north  end,  5,500  feet  from  south  end,  Oyo  feet;  and  21  feet  at  highest 
elevation,  about  midway  between. 

South  of  the  coft'erdam,  (and  within  the  lower  reach  of  its  distance, 
before  the  dam  was  built,)  dredges  worked  to  advantage.  Still  south- 
ward, and  west  of  Bois  Blanc  island,  dredges  went  to  grade  without 
assistance  of  the  drill,  working  in  a  mud  bottom. 

The  conclusion  is :  this  rapid  southward  dip  of  strata,  traced  now  to 
the  close  neighborhood  of  the  Sylvania  on  the  foot  of  Bois  Blanc,  and 
on  the  west  side  of  that  island,  contradicts  the  supposition  advanced, 
figured,  and  made  the  basis  of  conclusions  in  "Ncav  Upper  Siluric  Fauna 
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from  SoiTthern  Michigan,"  issued  in  1907,  by  Professor  W.  H.  Sherzer 
of  Ypsilanti  and  Professor  A.  W.  Grabau  of  New  York,  conjointly,  and 
bearing  the  imprimatur  of  Dr.  Alfred  C.  Lane,  then  »State  Geologist  for 
Michigan. 

The  ascertained  fact,  revealed  by  the  Dr.  Green  Shaft  at  Elliot's  Point 
that  the  Svlvania  sandrock,  which  is  a  surface  extension  abreast 


of  the  south  third  of  Bois  BJanc  island  and  across  the  river  bottom  of 
the  east  channel,  has  disapi>eared  soutlnrard  in  a  distance  of  a  few 
hundred  yards  till  it  lies  under  about  25  feet  of  Silurian  strata,  shows 
where  the  sandrock  belongs. 

Sherzer  and  Grabau  represent  it  as  dipping  under  the  Stony  Island 
anticline. 

The  rock  in  the  channel  immediately  west  of  Bois  Blanc  has  all  been 
scraped  in  dredging,  where  mud-covered.  The  drill  has  been  used  to  a 
depth  of  14  feet  where  the  rock  surface  rises  again,  6,500  feet  south- 
south-wiest  from  the  south  third  of  the  island.  No  sandrock  has  been 
touched,  as  it  would  have  been  had  it  extended  across  Detroit  river. 
The  reason  is  IT  DOES  ^^OT  BELOXG  THERE. 

When  Schuchart  of  the  U.  S.  National  Museum  at  Washington  pre- 
pared his  paper  '"On  the  Faunal  Provinces  of  the  Middle  Devouic  of 
America,  etc."  and  published  in  The  American  Geologist  in  September, 
1903,  he  made  use  of  two  palaeographic  maps,  one  of  Onondaga  time, 
the  other  of  Hamilton  time.  It  is  evident  to  me  from  study  of  the 
Stony  island  cut  and  of  the  Sylvania  sandrock  exposures  and  eleva- 
tions, that  he  does,  not  figure  either  the  Cincinnati  Peninsula  in  the 
one  case  or  the.  Cincinnati  island  in  the  other,  as  extending  as  far  north 
as  they  did  extend.  There  doubtless  has  always  been  more  or  less  of 
a  trough — perhaps  a  succession  of  troughs — across  the  peninsula  or 
island  between  the  head  of  it  as  figured  by  Schuchert  and  the  actual 
head  of  it  as  constituted  by  the  pre-Sylvania  anticline  knoAvn  as  Stony 
island  and  associated  area  in  Detroit  river. 

The  proximity  of  the  west  and  east  sides  of  Detroit  river,  and  the 
close  neighborhood  of  the  corresponding  exposures  of  Sylvania,  have 
hitherto  blinded  everybody  concerned  to  the  fact  that  these  respective 
exposures  are  on  opposite  sides  of  the  Cincinnati  anticline. 

The  contour  of  the  Sylvania  sandrock  follows  from  the  Ohio  state 
line,  about  where  it  is  joined  by  the  county  line  between  Monroe  and 
Adrian  counties,  diagonally  across  Monroe  and  into  the  extreme  south- 
east corner  of  Wayne  couiity.  And  then,  (as  I  am  persuaded,)  follows 
approximately  the*  line  of  the  west  or  Trenton  channel  of  the  river  till 
it  rounds  the  head  of  the  northern  projection  of  the  Cincinnati  anticline 
about  or  beyoud  the  head  of  Gross  Isle;  thence  circling  into  and  through 
Sandwich  and  Anderdon  townships  in  the  county  of  Essex,  Outario,  it  has 
its  first  exposure  .as  a  surface  extension  in  Canada — and  probably  the  only 
one — in  the  bed  of  Detroit  river  and  on  Bois  Blanc  island,  at  the  south- 
ern limit  of  Amherstburg.  Thence  it  strikes  south-easticard  and  is  found 
under  some  222  feet  of  ''fossiliferous  limestone''  on  Pelee  Island;  and 
might  be  expected  to  show  in  rock  wells  along  a  line  from  Sandusky 
Bay  to  Adams  county,  Ohio,  and  approaching— if  not  crossing — the 
Kentucky  state  line. 

There  is  an  associated  problem  presented  in  the  Salt  Shaft  at  South 
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Detroit.  Down  under  189  feet  of  Silurian  dolomite  there  is  a  deposit  of 
limestone  38  feet  in  thickness,  carrying  what  have  hitherto  been  recog- 
nized as  chiefly  Devonian  fossil  forms  and  not  belonging  to  the  Silurian 
age.  These  have  been  identified  by  Grabau  as  very  similar  to  those  of 
the  Anderdon  beds  of  high-grade  limestone  (99%  Ca  CO3)  to  which, 
as  a  fannal  zone  of  distinctive  character,  he  has  given  the  name  "zone 
of  Tdiostroma  nattressi." 

Sherzer  and  Grabau  have  therefore  concluded  that  this  38  feet  of  lime- 
stone in  the  shaft  is  the  Amherstburg  beds  intercalated. 

It  may  therefore  be  of  interest  to  locate  the  rocks  above  the  Sylvauia 
in  relation  to  it  as  a  permanent  base,  and  in  relation  one  to  the  other, 
— at  various  points  around  the  shore  of  the  Detroit  river  reach  of  the 
Cincinnati  anticline.  As  we  shall  be  able  to  follow  this  old  shore-line 
from  drill  core  to  rock  well,  shaft  and  test  hole,  the  area  is  approxi- 
mately of  horse-shoe  outline.  The  left  heel  of  the  shoe  will  mark  the 
Sylvania  in  the  extreme  south-east  corner  of  Wayne  county.  If  there 
be  four  nail-holes  on  each  side  of  the  shoe,  the  first  one  from  the  left 
heel  will  mark  Horse  Island  and  sandrock.  The  second  one  will  mark 
the  Sibley  quarry  at  Trenton.  The  third  marks  the  Wyandotte  well,  the 
log  of  which  is  given  in  Vol.  V.,  Geological  Survey  of  Michigan,  Plate 
LXVI.  The  fourth  hole  locates  the  Salt  Shaft  af  South  Detroit.  Let 
W^indsor  Salt  Well  Xo.  11,  (See  State  Board  of  Geological  Survey  of 
Michigan  report,  1901,  p.  218,)  be  indicated  by  the  toe-calk  of  the  shoe; 
then  the  second  nail-hole  on  the  right  will  just  about  mark  the  Sucker 
Creek  test  hole.  The  third  one  marks  the  Amherstburg  quarries  in 
Anderdon.  The  fourth  marks  the  Caldwell  Grove  well.  And  the  right 
heel  of  the  shoe  will  mark  the  Dr.  Green  Shaft  to  the  Svlvania  at  Elliots 
Point. 

Here  is  the  comparative  statement : 

At  Sibleys  there  is  a  Corniferous  (Dundee)  deposit  over  a  heavy 
stratum  of  magnesian  limestone,  immediately  under  which  (as  shown  by 
drill  cores)  is  a  Stromatopora  l"reef"  associated  with  what  Grabau  has 
described  as  ''calcilutite,"  a  compact  brittle  limestone,  precisely  as  in 
the  ''Anderdon  beds''  in  the  Amherstburg  quarries,  in  Essex  county. 

In  the  Wyandotte  well  there  is  50  feet  of  ''Dundee,"  (no  subdivision 
reported  in  the  well  record)  and  105  feet  of  dolomite,  above  BO  feet 
of  Sylvania.  Presumably  the  Anderdon  beds — the  coral  stromatopora 
"reef"  and  the  compact  calcilutite  (Grabau)  are  present;  for  the  dis- 
tance from  Sibleys  is  very  short,  and  the  depth  recorded  as  Dundee  is 
suflicient,  and  was  so  named  before  the  "Anderdon"  beds  were  discovered, 
— by  comparison  with  both  the  Amherstburg  and  Sibley  quarries. 

At  the  Salt  Shaft  is  63  feet  of  Dundee  (again  sufficient  depth  for  the 
Anderdon  beds  to  be  present,  other  things  being  equal;)  and  189  feet  of 
"Lucas"  dolomite  next  under  this  depth  of  Dundee,  (Evidently  we  are 
getting  off  shore  further  from  the  Cincinnati  uplift.)  Next  below  is  38 
feet  of  limestone  which  Sherzer  and  Grabau  together  claim  is  the 
"Anderdon"  limestone,  intercalated.     That  is  the  problem. 

Under  the  problematical  38  feet  is  47  feet  of  Flat  Rock  dolomite, 
resting  upon  117  feet  of  Sylvania ;  the  increased  depth  again  suggesting 
greater  distance  ofl'  shore  from  the  Cincinnati  anticlinal  than  at  Wyan- 
dotte, a  heavier  deposit  in  a  deeper  sea. 
7 
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In  the  C.  P.  R.  Salt  Well,  No.  11,  at  Windsor,  are  "dolomites"  to  a 
depth  of  300  feet,  reported  upon  by  an  authority  to  whom  it  had  not 
then  become  necessary  in  the  solving  of  Detroit  river  area  problems,  to 
distinguish  Avith  precision  between  dolomites  and  limestones,  for  the 
problems  had  not  yet  developed.  Below  this  is  25  feet  of  "dark  petroli- 
ferous limestone."  (Compare  the  38  feet  of  problematical  deposit  in 
the  Salt  Shaft  with  this.)  Then  follow  210  feet  of  dolomites,  etc.,  above 
55  feet  of  Sylvania. 

The  question  is:  Is  the  Anderdon  included  in  the  one  case?  and: 
Is  this  latter  the  problematical  limestone? 

At  the  Sucker  Creek  test  hole,  there  is  90  feet  of  gray  limestone  at 
the  top,  which  effervesces  briskly.  The  location  is  about  six  miles  from 
the  Amherstburg-  quarries — where  is  the  only  recognized  surface  exten- 
sion of,  and  the  maximum  depth  of  the  Anderdon  beds.  Under  the  90  feet 
is  260  feet  of  brown  dolomites,  resting  upon  30  feet  of  Sylvania.  In  the 
proximity  of  400  feet  down  from  surface,  or  toward  the  bottom  of  the 
dolomites  which  rest  upon  the  saudrock,  considerable  effervescence  is 
observable.  (With  this  compare  the  "petroliferous  limestone"  of  the 
Windsor  salt  well,  and  the  problematical  38  feet  of  the  Salt  Shaft). 

The  question  again  is:  Is  the  Anderdon  included  in  the  one  case? 
and:   Is  this  latter  the  problematical  limestone  of  the  Salt  Shaft? 

The  Amherstburg  quarries  have  already  been  described  in  contrast 
with  Sibleys.  and  have  been  stated  to  be  practically  identical — except 
for  the  later  beds  of  thin-bedded  Coniferous  ( Dundee)  at  Sibleys,  and 
a  maximum  depth  of  Anderdon  beds  at  the  Amherstburg  quarries. 

The  Caldwell  Grove  well  recorded  in  Brummel's  "Natural  Gas  and 
Petroleum  in  Ontario,"  1892,  has  252  feet  of  "limestone,"  (compare 
as  regards  lack  of  jirecision  in  the  use  of  terms,  ''dolomite"  in  record  of 
surface  deposits  at  Windsor  salt  well;)  resting  upon  60  feet  of  sand- 
rock. 

The  Dr.  Green  Shaft  at  Elliots  Point  has  25  feet  of  dolomite  above 
the  Sylvania,  with  no  Devonian  overlying.  This  is  at  about  the  waist- 
line, so  to  say, — the  narrowest  part — of  the  Cincinnati  anticline,  the 
distance  across  from  Elliots  Point  to  the  Huron  River. 

I  have  attempted  to  suggest  to  you — without  sufficient  accurate 
knowledge  as  yet  being  available  for  proof — that  the  contour  of  the 
''Anderdon  beds"  is  continuous  throughout  the  area  traversed  between 
the  extreme  points,  Elliots  Point  in  Essex  county,  Ontario,  and  the 
southeast  corner  of  Wayne  county,  Michigan,  in  the  near  neighborhood 
of  which  extreme  points  the  Anderdon  is  acknowledged  to  be  present. 

I  have  also  attempted  to  suggest  to  you  with  some  show  of  reason — 
but  again  with  only  the  same  limited  sources  of  inexact  but  suggestive 
knowledge — that  the  supposed  intercalated  beds  have,  through  at  least 
a  gTeat  part  of  the  same  area  and  distance,  their  own  independent  hori- 
zon. 

Amherstburg,  Ontario,  Canada,  April,  1910. 


PLATE   I. 


Surface  striping   in   rock   debris 
The    view    looks 


on   steep   side  of  Asulkan   Pass, 
down    slope    from    a    snowdrift. 


Selkirk   Mountains. 


Striping  on  the  steep  slope  of  the  Asulkan  neve,  Selkirks.     The  effect  is  most  marked 
in  the  left  foreground  and  to  the  right  of  the  center  in  the  view. 
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SOIL   STRIPES   IX   COLD  HUMID   REGIONS,   AND   A  KIXDRED 

PHEXOMEXOX. 

WILLIAM   II.    IIOBBS. 

Attention  was  first  strikingly  directed  to  snrface  rock  flowage  as  a 
characteristic  degradational  process  in  liuinid  regions  and  high  latitudes 
by  Professor  J.  G.  Andersson  of  the  University  of  Upsala/  For  this 
process,  the  importance  of  which  had  not  before  been  adequately  recog- 
nized, he  proposed  the  name  soUfiuction-   {solum,  soil;  ffeure,  to  flowi. 

rlking  examples  of  the  process  he  had  himself  studied  in  detail  from 

nr  Island   (741/2°  X.  latitude),  and  from  the  Falklands  (52°  S.  lati- 

^^ude).  where  are  the  famous  "stone  rivers."     These  streams  of  mixed 

c  debris  and  clay,  while  bearing  considerable    resemblance    to    the 

..id  rivers"  early  mentioned  by  Hayden  from  the  Xorth  American 
Rockies  and  more  recentl}'  described  in  detail  by  Howe,-  are  consider- 
ably longer  and  narrower  and  relatively  thicker. 

Andersson's  paper,  which  is  a  preliminary  notice,  discusses  the  larger 
characteristics  only  of  these  interesting  streams  of  rock  debris.  In 
one  i)lace,  however,  he  refers  to  a  streakine.*«s  of  the  surface  of  the 
moving  rock  debris  on  Bear  Island.  X'^ordenskjold,"  on  the  other  hand, 
lias  furnished  us  with  much  new  and  general  information  concerning  soli- 
fluction,  both  as  regards  the  localities  described  by  Anderson  and  others 
which  he  has  himself  examined. 

Speaking  in  general  of  the  surface  of  the.^e  flows,  Xordenskjold  says: 

"Often  there  appears  upon  the  slopes  of  hills  a  band-like  arrangement  of  the 
debris.  If  one  examines  it  more  closely,  he  perceives  that  these  bands  consist 
of  irregularly  heaped  up  masses  of  angular  stones,  debris  and  clay  slime,  which 
extend  almost  from  the  summit  of  the  hill  down  to  the  valley,  where  they 
stretch  out  after  the  manner  of  glaciers  and  push  ahead  of  them  a  true  terminal 
moraine  of  rock  splinters  which  are  cast  aside"    (page  61). 

A  fine  example  of  surface  striping  by  this  ju-ocess  X'ordenskjold  has 
figured  from  Graham  Laud  (PI.  2,  B.),  and  he  refers  to  a  similar  observa- 
tion made  long  before  in  Greenland.     Of  this  latter  example  he  says: 

"I  found  that  the  debris  on  steeply  inclined  slopes  often  had  a  peculiar  arrange- 
ment. The  slope  appears  as  though  striped,  because  narrow  generally  parallel 
bands  of  finer  or  coarser  debris  or  clay  alternate  in  close  sequence.  The  entire 
earth-mass  is  ordinarily  well  sorted,  so  that  each  band  as  a  rule  consists  of 
equally  large  sand  grains  or  stones"      (pp.  62-63). 

These  bands  continue  down  the  slope  in  more  or  less  serpentine 
courses  becoming  always  fainter,  however,  as  the  gradient  becomes 
flatter  and  passing  finally  into  a  peculiar  net-like  aiTangement  of  the 
debris  on  the  lower  levels. 


^J.  G.  Andersson,  Solifluction,  a  component  of  subaerial  denudation.  Jour.  Geol..  Vol.  14, 
1906,  pp.  91-112. 

-Ernest  Howe,  Landslides  in  the  San  Juan  Mountains,  Colorado,  including  a  consideration 
of  their  causes  and  their  classification.  Professional  paper  No.  67  U.  S.  Geol.  Surv.,  1909, 
pp.    1-58. 

^Otto   Xordenskjold,  Die  Polarwelt   und   ihre  Nachbarliinder.     Leipzig,   1909,   pp.   60-65. 
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Andersson's  observation  that  solifliiction  is  a  pheuomenon  particularly 
characteristic  of  inhospitable  regions,  seems  to  be  confirmed  by  the 
observation  of  Howe  in  the  Eocky  Mountains.  The  rock  streams  which 
he  has  described  from  that  region  are  always  found  originating  beneath 
the  steep  walls  of  abandoned  glacial  cirques  in  high  altitudes. 

Nordenskj(31d  has  brought  out  the  interesting  fact  that  the  debris 
stripes  are  always  developed  below  the  rim  of  a  great  snow  drift, 
which  in  melting  has  so  saturated  the  debris  as  to  transform  it  into  a 
thick  paste,  and  thus  allow  it  to  slide  slowly  down  the  slope. 

In  the  month  of  August,  1909,  the  writer  discovered  identical  strij^ed 
debris  zones  on  the  steeply  inclined  side  sloijes  of  the  Asulkan  Pass 
above  the  n^v^  of  the  Asulkan  glacier  (see  plate  1,  A).  Here,  also,  the 
stripes  ran  in  gently  curving  courses  in  the  direction  of  the  steepest 
slopes,  making  their  start  at  the  lower  edge  of  a  drift  of  snow.  Thus 
the  observation  is  in  eveiT  way  confirmatory  of  those  made  by  Nor- 
denskjold.  The  dark  lines  in  the  illustration  are  slight  trenches  within 
which  no  larger  rock  fragments  are  found,  and  they  appear  to  corre- 
spond to  lines  of  maximum  near-surface  flow  of  the  rock  paste,  here 
largely  of  mud.  The  flat  rock  fragments  lying  between  the  trenches, 
form  an  imperfect  plating  of  the  intei"vening  ridge  so  that  it  sheds  the 
water  as  does  a  pent-house. 

Upon  the  Asulkan  n^v^  below  the  pass  the  surface  layer  of  the 
snow  has  been  grooved  by  a  process  which  perhaps  has  something  in 
common  with  that  which  arranged  the  debris  in  parallel  bands.  The 
eft'ect  of  this  surface  striping,  or  venation,  is  brought  out  in  Plate  1,  B. 
Starting  from  near  the  upper  margin  of  the  n^v^,  nearly  parallel  ridges 
and  grooves  descend  so  as  always  to  conform  to  the  lines  of  steepest 
gradient  upon  the  surface,  eventually  coalescing  to  form  a  somewhat 
larger  trunk  groove  which  follows  the  lowest  line  of  the  n^v^  surface. 
Unlike  a  drainage  system  the  tributaries  travel  beside  the  trunk  for  a 
considerable  distance  before  making  junction  with  it.  This  surface 
grooving  or  venation  upon  the  n^v6  is  best  shown  upon  the  plate  near 
the  left,  and  also  near  the  right-hand  margin  of  the  newer  snow.  That 
it  is  due  to  water  drainage  is  evident  from  the  fact  that  the  lines  do  not 
continue  beyond  crevasses  which  intersect  their  course.  It  is  suggested 
that  the  melting  of  the  outer  zone  of  the  ii6y6  granules  by  filling  up  the 
spaces  between  them  with  water,  affords  temporary  conditions  similar 
to  those  of  a  thin  layer  of  sand  partially  saturated  with  water  and 
lying  upon  a  slope.  There  is  thus  considerable  resemblance  between 
the  surface  venation  of  the  n^ve  and  the  striping  in  the  rock  debris  on 
steep  slopes  below  summer  snow  drifts. 

This  phenomenon  of  soil  strij)ing  in  debris  which  has  been  saturated 
with  water,  can  hardly  be  considered  apart  from  the  well-known  "bar- 
rancas" which  develop  on  volcanic  tuff  cones  after  each  new  eruption, 
so  soon  as  the  first  rains  have  saturated  the  material  with  water  (See 
plate  2  A).  Here  also  the  strii>es  follow  the  steepest  slope.  A  compar- 
ison of  the  Asulkan  and  Greenland  soil  stripes  with  the  great  barrancas, 
suggests  that  the  width  of  tlie  ridges  which  develop  is  in  some  way  a 
function  of  the  viscosity  of  the  rock  paste,  which  in  turn  is  doubtless 
dependent  u])on  the  nature,  form,  and  size  of  the  materials,  the  degree 


PLATK    II. 


A.      Barrancas  formed  on   the   tuff  cone  of  Mount    Vesuvius  after 
subsequent    to   the   eruption   of    liJUtj,    (after    Lacroixi. 


the   raius 


B       Stripes  on   the  surface  of  rock  debris   in  (Iraham   Land.   West  Antarctica 

(after    Otto   Xordenslsjoldj. 


A  type  of  a  waste  filled  valley.     The  fresh  cliff  is  not  fouud  iu  many. 
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of  saturation,  the  thickness  of  the  saturated  layer,  the  steepness  of  the 
slope,  etc.  The  problem  here  involved  -would  appear  to  be  one  that 
would  repay  an  attempt  at  mathematical  solution  based  on  the  known 
laws  of  flow  of  viscous  bodies.  That  a  differentiation  of  the  mass  into 
alternate  bands  of  relatively  more  and  less  fluid  materials,  and  that  the 
width  of  these  bands  determines  the  width  of  the  visible  stripes  seems 
almost  certain. 
University  of  Michigan,  March  10,  1910. 


A  WASTE  FILLED  VALLEY. 

A.    E.    PARKINS. 

(Abstract.) 

From  an  examination  of  ten  or  twelve  valleys  of  intermittent  streams 
along  the  Huron  River  between  Ypsilanti  and  Dexter,  the  writer  found 
that  invariably  Avhere  these  valleys  headed  in  cultivated  fields,  the 
valleys  are  waste  filled  and  have  flat  floors.  This  would  lead  one  to 
suspect  that  such  filling  was  produced  by  an  increase  in  supply  of  ma- 
terial from  the  head  waters,  due  to  the  cutting  away  of  the  forests. 

The  accompanying  picture  is  an  example  of  one  of  the  best  of  such 
valleys.  That  filling  has  taken  place  is  evident  from  the  following  lines 
of  evidence: 

(1)  The  flatness  of  the  floor,  which  in  a  valley  of  such  great  slope 
should  be  V-shaped; 

(2)  The  sharp  angle  that  the  sides  make  with  the  valley  bottom; 

(3)  The  partial  burying  of  the  trees; 

(4)  The  interesting  features  shown  by  the  stump  and  the  5  ft.  cliff 
to  the  right.  Just  above  the  upper  parts  of  the  root  of  the  stump  is 
a  line  of  muck,  and  marks  the  position  of  the  valley  bottom  before 
filling.  The  deposits  above  this  layer  of  muck  are  31/2  ft.  thick.  By 
a  count  of  the  rings  on  the  stump,  the  tree  when  cut  was  75  years  old. 
Prilling  has  taken  place  some  time  since  the  tree  was  a  sapling  gTow- 
ing  in  the  valley  bottom. 

Another  characteristic  of  all  such  valleys  is  the  great  number  of 
steps,  caused  by  stones  and  twigs  damming  the  channel  at  various 
points,  and,  also,  perhaps  by  the  recession  of  the  steps. 

In  such  streams  the  post-glacial  cycle  of  erosion  has  been  interrupted 
by  an  increase  in  supply  of  waste  from  the  headwaters.  These  valleys 
may  serve  then  as  local  examples  of  what  took  place  during  the  close 
of  the  Glacial  Period  in  all  valleys  of  south  flowing  rivers. 

M.  S.  N.  C,  April,  1910. 
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KEPOET  UPON  THE  PROGRESS  OF  THE  BIOLOGICAL  WORK  OF 

THE  MICHIGAN  GEOLOGICAL  AND 

BIOLOGICAL  SURVEY.^ 

ALEXANDER   G.    RUTHVEN. 

Mr.  President  and  Meml)crs  of  the  Michigan  Academy  of  Science: 

At  the  I>ecember  meeting  of  the  Council  a  motion  was  carried  to 
request  of  the  director  of  the  ]\Iichigan  Geological  and  Biological  Survey 
a  report  upon  the  work  that  has  been  done  by,  and  the  present  status 
of,  the  biological  survey  of  the  state,  which  the  acaclemy  was  so  instru- 
mental in  founding.  The  director,  Mr.  Allen,  has  requested  me  to  make 
this  report,  for  since  1907,  when  the  Board  of  Geological  Survey,  upon 
the  recommendation  of  the  Board  of  Scientific  Advisors,  appointed  me 
Chief  Field  Naturalist  of  the  survey.  I  have  been  very  intimately  con- 
nected with  the  biological  work. 

In  order  that  I  may  bring  the  matter  clearly  before  you.  permit  me  to 
give  you  a  very  brief  historical  account  of  the  state  geological  and 
biological  surveys.  The  first  survey  was  inaugiirated  in  1837,  immedi- 
ately after  the  admission  of  Michigan  into  the  Union.  The  act  read  as 
follows: 

That  the  Governor  is  hereby  authorized  and  directed  to  nominate,  and  by  and 
with  the  advice  and  consent  of  the  senate,  to  appoint  a  competent  person,  whose 
duty  it  shall  be  to  make  an  accurate  and  complete  geological  survey  of  this 
state,  which  shall  be  accompanied  with  proper  maps  and  diagrams,  and  furnish 
a  full  and  scientific  description  of  its  rocks,  soils  and  minerals,  and  of  its 
botanical  and  geological  productions,  together  with  specimens  of  the  same;  which 
maps  and  diagrams  and  specimens  shall  be  deposited  in  the  state  library,  and 
similar  specimens  shall  be  deposited  in  such  literary  and  scientific  institutions 
as  the  governor  shall  direct;  and  the  governor  is  further  authorized  to  appoint 
from  time  to  time,  as  the  exigencies  of  the  case  may  require,  competent  persons 
to  act  as  assistants  under  the  direction  of  the  Geologist.- 

Alexander  WinchelT'  states  that  this  act  "provided  for  a  geological, 
zoological,  botanical  and  topographical  survey,"  from  which  I  infer 
that  in  the  reference  to  ''botanical  and  geological  productions"  in  the 
act  the  word  geological  is  a  misprint  for  zoological. 

In  the  following  year  the  governor  approved  a  new  act  organizing  the 
survey  on  a  more  comprehensive  basis.  This  act  stated  definitely  that 
the  survey  should  consist  of  four  departments,  ''first,  geological  and 
mineralogical ;  second,  zoological ;  third,  botanical ;  and  fourth,  topo- 
graphical." that  three  chief  assistants  to  the  state  geologist  should  be 
appointed,  a  zoologist,  a  botanist  and  a  topographer,  and  that  the  dupli- 
cate specimens  should  be  deposited  at  the  state  university*.  Under  this 
law  work  went  on  until  the  close  of  the  year  IS-ll,  and  until  1.S45  in 
connection  with  the  Ignited  States  suiweys.  It  is  interesting  to  note 
that  this  first  survev  was  organized  on  a  broader  basis  than  anv  of  the 


^Delivered  l)efore  the  general  meeting  of  the  Michigan  Academy  of   Science.  April  2,   1910. 
2Laws  of  Michigan.   1837 — No.   XX. 

^First  Biennial    Report   of  the   Progress  of  the   Geological   Survey   of  Michigan,   18G1.   p.   7. 
«Laws  of  Michigan,   1838 — No.   49. 
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later  ones;  that  it  was,  in  fact,  what  we  are  striving  for  at  the  present 

time,  and  that  it  was  terminated  by  the  same  difficnltv  that  confronts 

us, — diflficulty  in  obtaining  the  necessary  funds  from  the  legislature. 

In  1859  the  survey  was  reorganized  on  nearly  the  same  basis  as  the 

original  one,  but  appro])riations  were  provided  for  only  two  years.     The 

act  was  entitled  "An  act  to  finish  the  geological  survey  of  the  state," 

and  read  as  follows : 

That  tlie  Governor  is  hereby  authorized  and  directed  to  appoint  a  competent 
person,  whose  duty  it  shall  be  to  finish  the  Geological  Survey  of  the  state,  which 
shall  be  accompanied  with  proper  maps  and  diagrams,  and  shall  furnish  a  full 
and  scientific  description  of  its  rocks,  soils  and  minerals,  and  of  its  natural  pro- 
ductions, together  with  specimens  of  the  same;  which  maps,  diagrams  and  speci- 
mens, shall  be  deposited  in  the  library  of  the  State  University,  and  the  library 
of  the  Agriculture  College,  and  similiar  specimens  shall  be  deposited  in  such 
other  library  [literary]  and  scientific  institutions  in  the  state  as  the  Governor 
shall  direct:  and  the  Governor  is  further  authorized  to  appoint,  from  time  to 
time,  as  the  exigencies  of  tlie  case  may  require,  competent  persons  to  act  as 
assistants,   under   the   direction   of  the   Geologist.^ 

One  important  feature  of  this  act  was  that  the  University  of  Michigan 
and  the  ]\lichigan  Agricultural  College  were  specifically  designated  as 
depositories  of  the  collections. 

In  1869  a  geological  survey  was  again  organized  and  has  continued 
to  the  present  time.  The  sections  of  this  act  relative  to  the  scojje  of 
this  survey  read  as  follows : 

Sec.  1.  That  the  Governor,  the  Superintendent  of  Public  Instructioii,  and 
the  President  of  the  State  Board  of  Education  shall  constitute  a  Board  of  Geolog- 
ical Survey;  they  shall  control  and  supervise  the  continuation  and  completion 
of  the  geological  survey  of  the  state;  they  shall  appoint  and  commission  a. 
suitable  person,  possessed  of  the  requisite  knowledge  of  the  Science  of  Geology, 
v.-ho  shall  be   director   of  the  geological   survey   hereby   instituted. 

Sec.  4.  It  shall  be  the  duty  of  the  director  to  make  or  cause  to  be  made, 
a  thorough  geological  and  mineralogical  survey  of  the  State,  embracing  a  deter- 
mination of  the  succession,  arrangement,  thickness,  and  position  of  all  strata  and 
rocks;  their  mineral  character  and  contents,  and  their  economic  uses;  an  in- 
vestigation and  determination  of  the  organic  remains  of  the  State;  a  general 
examination  of  the  topography,  hydrogi'aphy,  and  physical  geography  of  the 
State;  an  investigation  of  the  soils  and  subsoils,  and  the  determination  of  their 
character  and  agricultural  adaptation;  the  investigation  of  all  deposits  of 
I  rines,  coal,  marl,  clay,  gypsum,  lime,  petroleum,  metals,  and  metallic  ores, 
building  stone,  marble,  grit-stone,  materials  for  mortar  and  cement,  mineral 
paint,  and  all  other  productions  of  the  geological  wbrld  within  the  limits  of  this 
State   capable  of  being  converted  to  the  use  of  man. 

Sec.  5.  It  shall  be  the  duty  of  the  director  to  collect  ample  materials  for  the 
illustration  of  every  department  of  the  geology  and  mineralogy  of  the  state. 
and  to  determine,  catalogue,  and  label  the  same,  and  prepare  them  for  exhibition 
to  the  citizens  of  the  state,  in  suitable  cases,  in  the  museums  of  the  State  Uni- 
versity and  State  Agriculture  College,  at  the  State  Normal  School,  and  such 
other  colleges  of  the  state  as  may  make  application  to  the  board  prior  to  the 
making  of  the  geological  survey,  and  obligate  such  colleges  to  pay  the  extra  ex- 
pense necessarily  incurred  in  furnishing  such  specimens." 

I  would  like  to  call  your  attention  to  two  deficiencies  in  this  act. 
First,  no  natural  history  work  is  provided  for,  as  was  the  case  ia  the 
previous  surveys,  and,  second,  the  survey  was  given  no  official  name. 

For  several  years  previous  to  1905,  you  as  members  of  the  academy, 
realizing  the  opportunities   that  were  being  neglected   to   advance  our 

'Laws   of   Michigan.    18.50 — Xo.    206. 
-Laws  of  Michigan,   1860 — Xo.  65. 
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knowledge  of  the  natural  history  of  the  state,  a  condition  of  affairs  that 
was  putting  us  far  behind  our  sister  states,  endeavored  to  remedy  the 
matter  by  obtaining  a  biological  survey  of  the  state.  Finally,  in  1905, 
there  was  passed  by  the  legislature  and  signed  by  the  governor  a  bill 
that  provided  for  such  a  sui'vey.  This,  while  but  a  small  beginning,  has 
done  much  toward  giving  us  a  start  in  the  right  direction.  The  act  read 
as  follows : 

That  the  Board  of  Geological  Survey  is  hereby  authorized  and  re- 
quired to  make  under  the  direction  of  the  State  Geologist,  appointed  by  them, 
a  thorough  biological  survey  of  the  state,  embracing  a  determination  of  the 
range  and  distribution  of  the  various  plants  and  animals  inhabiting  the  state 
and   the  relation   to  their  environment  and   the   w^elfare  of  man/ 

Permit  me  to  call  your  attention  to  three  features  of  this  act.  First, 
the  biological  work  is  given  as  permanent  a  foundation  as  the  geological ; 
second,  no  permanent  appropriation  is  provided;  and,  third,  no  place  is 
designated  as  a  depository  of  the  collections.  At  this  time,  |1,00(>  a 
year  for  two  years  was  provided,  and  this  appropriation  was  voted 
again  in  the  sessions  of  1907  and  1909.  In  view  of  these  things  Mr. 
Allen,  the  director,  on  the  advice  of  the  Board  of  Scientific  Advisors  and 
Avith  the  approval  of  the  Board  of  Geological  Survey,  has  changed  the 
name  of  late  years  ap])lied  to  the  survey,  "Michigan  Geological  Survey," 
to  the  "Michigan  Geological  and  Biological  Survey,''  and  the  Board  of 
Geological  Survev  has  designated  the  Universitv  of  Michigan  Museum 
as  the  depository  of  the  collections.  At  the  present  time  then,  we  have, 
as  a  result  of  the  labors  of  the  friends  of  natural  science  in  the  state, 
"The  Michigan  Geological  and  Biological  Survey,"  and  funds  to  con- 
tinue the  biological  work  until  June  30,  1911. 

As  the  funds  available  for  the  biological  work  have  been  absurdly 
insuflflcieut,  we  have  limited  the  work  to  that  which  we  believe  can  be 
done  to  the  best  advantage  with  our  limited  facilities.  It  falls  into  two 
classes — explorations  of  jiarticular  regions  and  monographic  studies  of 
different  groups  in  the  state.  I  believe  that  the  reports  from  these  two 
kinds  of  work  may  be  made  to  serve  two  ends — the  advancement  of 
scientific  knowledge  and  the  assistance  of  teachers  and  local  students. 
What  we  have  done  so  far  I  will  put  before  you  in  a  review  of  the  work 
we  have  published,  have  in  press,  or  in  preparation. 

The  publications  of  the  survey  to  date  are  as  follows : 

1900.  An  Ecological  Survey  of  Northern  Michigan.  Prepared  under 
the  direction  of  Charles  C.  Adams.  Annual  Report  of  the  Geological 
Survey  of  Michigan,  1905,  pp.  1-133,  1  maps,  17  plates.  A  detailed  ac- 
count, by  the  field  Avorkers  and  various  specialists,  of  the  fauna  and  flora 
of  the  I'orcujiine  Mountains  and  the  southern  part  of  Isle  Royale,  based 
upon  the  material  obtained  by  an  expedition  sent  out  by  the  University 
of  Michigan  Museum  on  funds  provided  by  private  individuals. 

1906.  An  Illustrated  Catalogue  of  the  ]Mollusca  of  Michigan.  Part 
I,  Terrestrial  Pulmonata  (Land  Snails).  By  Bryant  Walker.  Annual 
Report  of  the  Geological  Survey  of  Michigan,  1905,  \)\k  427-531,  169 
text  figures,  1  plate,  1  chart.  A  manual  of  Michigan  land  snails,  summar- 
izing the  status  of  the  forms  in  the  state,  and  giving  keys  and  descrip- 
tions designed  to  assist  students  of  the  Michigan  fauna. 


^Public  Acts,   1905 — No.   250. 
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1007.  Peat:  Essays  on  ils  Origin,  Uses  and  Disti-ibntion  in  Michigan. 
By  Chas.  A.  Davis.  Annnal  Report  of  the  Geological  Survey  of  Michi- 
gan, 190G,  pp.  Oo-oilo,  10  plates.  10  text  figures.  An  original  investiga- 
tion of  the  forination  and  distribution  of  peat  in  Michigan,  with  a  dis- 
cussion of  its  economic  value. 

1008.  A  Biological  Survey  of  Walnut  Lake,  ^Michigan.  By  Thomas  L. 
Hankinson ;  with  clia])ters  on  the  Physiography,  Geology  and  Flora  of  the 
Region,  by  Charles  A.  Davis;  and  a  paper  on  the  Aquatic  Insects  of 
the  Lake,  by  James  G.  Xeedham.  Annual  Report  of  the  Geological 
Survey  of  Michigan,  1007,  pp.  153-288,  3  maps,  60  plates,  6  text  figures. 
The  results  of  an  examination  of  the  fish  environments  of  Walnut  Lake, 
with  special  reference  to  the  occurrence  of  the  whitefish. 

1909.  Some  Apparently  New  Thysanoptera  from  Michigan,  Bv  A. 
Franklin  Shull.  Entomological  News,  May,  1000,  pp.  220-228,  7*^text 
figures.  This  jiaper  contains  descriptions  of  new  species  and  first  descrip- 
tions of  unknown  forms  of  Thrips  collected  in  Huron  County  by  the 
author,  while  connected  with  the  survey  of  1008. 

1000.  An  Ecological  Survey  of  Isle  Royale.  Lake  Superior.  Prepared 
under  the  direction  of  Charles  C.  Adams.  Annual  Report  of  the  Geolog- 
ical Survey  of  Michigan,  1008,  pp.  i-xiv,  1-468,  58  plates,  4  text  figures, 
1  map.  A  detailed  discussion  of  the  fauna  and  fiora  of  Isle  Royale,  by 
the  field  workers  and  various  specialists,  based  principally  upon  the 
results  of  the  second  expedition  sent  to  this  region  by  the  University 
of  Michigan  Museum. 

1000.  Notes  on  Michigan  Reptiles  and  Amphibians.  By  Alexander 
G.  Ruthven.  Eleventh  Annual  Report  of  the  Michigan  Academy  of 
Science,  pp.  116-117.  Miscellaneous  notes  on  Michigan  amphibians  and 
reptiles  based  primarily  upon  survey  material. 

1010.  Carriker,  M.  A.  and  Shull.'  Charles  A.  Some  New  Species  of 
Mallophaga  from  Michigan.  Entomological  News,  XXI,  pp.  51-57,  1  plate- 
Descriptions  of  five  new  species  and  one  new  subspecies  of  Mallophaga 
taken  in  Huron  county  by  the  1008  expedition. 

1010.  A  New  Species'  of  :Musculium.  By  V.  Sterki.  The  Nautilus 
XXIV,  p.  3.  The  original  description  of  a  ucav  species  of  mollusk, 
Musculium  pusiUum,  from  Dickinson  county. 

1010.  Chrysophanus  Dorcas  and  Related  Species  in  the  Upper  Pen- 
insula of  Michigan.  By  W.  W.  Newcomb.  The  Canadian  Entomologist, 
XLII,  pp.  153-157,  2  plates.  Some  results  of  entomological  investiga- 
tions of  the  writer  in  Dickinson  county  while  on  the  survey  of  1000. 

The  publications  that  are  being  printed  by  the  survey'  are  as  follows: 

The  Crawfish  of  Michigan.     Bv  A.  S.  Pearse. 

The  Insect  Galls  of  Michigan.'  By  Mel.  T.  Cook. 

The  Birds  of  School  Girls  Glen,  Ann  Arbor,  Michigan :  A  Study  in 
Local  Ornithologv.     Bv  A.  D.  Tinker. 

A  Preliminary  Catalog  of  the  Aboriginal  Sites  in  Michigan,  By 
Harlin  I.  Smith. 

The  following  reports  are  in  progress,  or  the  manuscripts  completed 
and  awaiting  publication : 

A  Biological  Survey-  of  the  Sand  Region  on  the  South  Shore  of  Sagi 
naw  Bay,  Michigan.     A  report  upon  the  fauna  and  fiora  of  the  region, 
which  was  explored  by  a  field  party  in  the  summer  of  1908. 
8 
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A  Biological  Survey  of  Dickiuson  County,  Miehigau.  A  report  ui)oii 
the  investigations  of  a  field  party  in  the  summer  of  1909. 

The  Reptiles  of  Michigan.     By  A.  G.  Ruthven  and  Frances  Dunbar. 

The  Butterflies  of  Michigan.     By  W.  W.  XeAvcomb. 

The  Mammals  of  Michigan.     By  X.  A.  Wood. 

The  Agarics  of  Michigan.     By  C.  H.  Kauffman. 

Besides  the  work  represented  by  the  al)0ve  reports  the  survey  ma- 
terial has  been  borrowed  by  various  specialists  and  used  in  Avork  the 
results  of  which  have  been  published  elsewhere. 

During  the  summer  of  1910,  the  appropriations  of  the  survey  will  be 
used  in  a  botanical  survey  of  a  portion  of  the  peach  belt  of  Michigan, 
under  the  direction  of  C.  H.  Kauffman.  In  addition  to  this  work  a  party 
of  zoologists  will  be  placed  on  the  Charity  Islands,  Saginaw  Bay,  the 
necessary  funds  having  been  provided  by  Hon.  W.  B.  Mershon  of  Sagi- 
naw. 

I  believe  we  are  justified  in  saying  that  the  results  obtained  so  far 
decidedly  exceed  in  value  the  amount  expended  in  obtaining  them,  but 
I  cannot  close  without  giving  the  credit  to  whom  it  belongs.  Much 
of  the  work  has  been  done  either  by  volunteers  or  by  men  who  have 
done  the  work  for  their  field  ex})enses.  In  some  cases  we  have  paid 
small  salaries,  but  in  very  few  instances  has  the  amount  been  more  than 
a  verv  nominal  one.  In  addition  to  this  manv  of  von  have  given  freelv 
of  your  time  and  money  to  make  the  survey  a  success.  To  me  one  of 
the  most  pleasant  features  of  the  work,  and  one  Avhich  I  believe  will 
do  much  to  insure  for  the  survey  a  pros]>erous  future,  is  the  way  in 
which  you  have  come  to  its  assistance  in  those  discouraging  times,  only 
too  frequent,  when  we  have  unsuccessfully  tried  to  make  the  available 
facilities  cover  the  plans  for  work  that  we  judged  should  be  carried  out. 
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KOTES  ON  MICHIGAN  REPTILES  AND  AMPHIBIANS,  II. 

ALEXANDER    G.    RUTHVEN. 

Since  the  last  meeting  of  this  section  of  the  Michigan  Academy  of 
Science  some  noteworthy  additional  data  on  the  amphibians  and 
reptiles  of  the  state  have  accnnnilated  at  the  Univei-sitv  of  Michigan 
Museum.  They  are  principally  results  of  the  biological  investigations, 
in  Dickinson  County,  conducted  by  the  Michigan  Geological  and  Biolog- 
ical Survey  in  the  summer  of  1909. 

Rana  scpte)itrio)ialis  Baird.  Mink  Frog. — This  frog  was  found  in 
abundance  about  the  shores  of  Brown  Lake,  and  occasionally  along  the 
west  branch  of  the  Sturgeon  River  in  that  vicinity.  It  was  quite  shy, 
never  found  away  from  the  water,  and  seldom  seen  out  of  the  water  even 
on  logs  or  mud  flats.  Nearly  all  of  the  indiA'iduals  observed  were  sit- 
ting in  the  water  with  only  the  top  of  the  head  exposed. 

The  note  at  this  time  (July  and  August)  was  low  pitched,  and, 
although  often  sounded  but  once,  was  usually  repeated  from  four  to 
six  times,  and  seemed  to  us,  in  the  rapidity  with  which  it  was  uttered 
and  the  pitch,  to  resemble  quite  closely  the  tap  of  a  woodpecker  on  a 
dead  tree. 

In  life  there  is  considerably  more  yellow  in  the  coloration  of  the 
back  and  sides  than  one  Avould  expect  from  an  examination  of  alcoholic 
material.  The  light  colored  areas  were,  on  the  back  C.C.^  207,  on  the 
sides  C.C.  202,  on  the  margin  of  the  upijer  jaw  C.C.  252.  The  dark 
colored  areas  above  Avere  uniformly  black. 

Elaphe  viilpiiius  (Baird  and  Girard).  Fox  Snake. — The  Fox  Snake 
was  found  to  be  not  uncommon  in  Dickinson  Couiitv.  The  writer  secured 
one  specimen  at  Brown  Lake,  and  observed  the  remains  of  another  that 
had  recently  been  killed  near  the  same  place.  Mr.  Albert  Terrill,  or 
Norway,  informed  us  that  it  was  not  uncommon  in  that  vicinity,  and 
showed  us  six  or  eight  skins  of  individuals  that  he  had  taken!  The 
species  seemed  to  be  closely  confined  to  the  pine  lands  and  is  now 
apparently  much  rarer  than  formerly  in  this  county,  owing  to  the  forest 
fires  that  recently  swept  over  this  territory .- 

(In-ijscmij.^  iiiair/iiiata  hvUii  (Gray). — Dickinson  County  specimens  of 
this  genus  of  turtles  prove  to  be  referable  to  the  variety  hclVii,  thus  ex- 
tending the  known  range  of  this  form  in  ^Michigan  well  to  the  east. 
Only  two  specimens  (one  of  which  was  captured)  were  observed  at 
Brown  Lake;  another  was  taken  at  Norway,  Avhere  it  was  more  com- 
mon, and  there  is  an  immature  individual  in  the  Iron  Mountain  col- 
lection received  from  ^Mr.  Royden  Webster.  Iron  Mountain.  The  si^eci- 
men  taken  in  Brown  Lake  (July  1)  had  in  the  oviducts  ten  eggs,  ap- 
parently ready  to  be  laid. 

Ann  Arbor,  Mich.,  April,  1910. 

iKlincksieck  and   Valette,    Code  des?   Coulenrs.    Tai-is,   190S. 

"In  his  summary  of  the  known  records  of  the  Fox  Snake  in  the  state  (Eleventh  Annual 
Report  Michigan  Academy  of  Science,  pp.  116-117).  the  writer  overlooked  the  foot-note 
reference  to  its  occurrence  "in  the  vicinity  of  Sagrinaw  Bay"  in  Miles  "A  Catalogue  of  the 
Mammals.  Birds.  Reptiles  and  Molliisks  of  Michigan"  (First  Biennial  Report  (Geological 
Survey  of  Michigan,  18(>1). 
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VARIATION  I:N  LYMNAEA  REFLEXA  SAY,  FROM  HURON 

COUNTY.^ 

H.   BURRIXGTON   BAKER. 

The  shells  used  in  this  Avork  were  a  set  of  about  five  Iiundred  speci- 
mens of  Lymmiea  reftexa  Say.  They  were  obtained  during  the  summer 
of  1908  by  the  Michigan  Biological  Survey,  from  the  protected,  sandy 
beaches  of  Saginaw  Bay  around  Sand  Point,  which  is  the  largest  pro- 
jection on  the  west  side  of  the  '"thumb"  of  Michigan.  They  occurred 
there  in  large  numbers,  in  shallow  water,  on  floating  driftwood  and  on 
•masses  of  decaying  sedges   (mostly  t<ciypus  amcricumis) . 

The  work  was  begun  to  determine  whether  some  peculiar,  elongated 
specimens  were  simply  regular  variates  at  one  end  of  a  symmetrical 
curve  or  belonged  to  a  more  or  less  distinct  variety.  If  the  latter  was 
the  case,  a  bimodal  curve  would,  of  course,  be  expected. 

The  greatest  length  and. the  greatest  width  of  the  shells  were  meas- 
ured and  the  ratio  used  was  the  length  divided  by  the  width,  which 
in  all  cases  was  between  two  and  three.  The  measuring  was  done  with 
a  Browne  and  Sharpe  micrometer  caliper,  but  it  was  found  that  extra 
precaution  had  to  be  taken  in  measuring  the  width,  due  to  errors  caused 
by  the  long  axis  of  the  shell  not  being  exactly  at  right  angles  to  the  arms 
of  the  caliper.  This  difficulty  was  partly  obviated  by  fastening  the  in- 
strument to  a  block  and  tacking  under  it  a  piece  of  cardboard  with 
a  series  of  lines  ruled  parallel  to  the  measuring  arms  and  a  series  at 
right  angles  to  them.  With  the  assistance  of  these  lines  to  orient  the 
specimen,  it  was  estimated  that  the  measurements  were  accurate  to  about 
five  one-hundredths  of  a  millimeter. 

In  collating  the  data  obtained,  it  was  found  that  the  ratios  varied 
with  the  length  and  in  the  same  direction ;  that  is,  the  older  or  longer 
shells  had  much  higher  ratios  than  the  smaller  ones.  This  difference 
was  considerably  over  one-half  as  much  as  the  gi-eatest  difference  be- 
tween any  of  the  ratios,  so  that  a  curve  obtained  by  using  all  of  the 
specimens  would  have  been  so  obscured  as  to  be  entirely  incorrect. 
These  differences  have  been  plotted  in  Figure  1. 

The  curve  obtained  by  using  shells  of  a  single  length  was  a  compara- 
tively regular,  and  quite  symmetrical  one,  wherever  the  specimens  were 
numerous  enough  to  insure  comparative  accuracy.  This  means,  of 
course,  that  we  have  apparently  a  case  of  "fiutleterminate,  chance''  varia- 
tion, except  that  the  length  of  the  shells  represent  only  approximately 
the  actual  time  age  of  the  specimens.  Probably,  however,  this  error  is 
not  verv  great,  as  the  shells  were  all  obtained  from  the  same  habitat. 
The  variation  of  those  of  twenty-two  and  those  of  twenty-three  milli- 
meters in  length  is  shown   in  Figure  2. 

The  variation  of  the  ratio  with  age  raises  a  question  in  regard  to 
Dr.  Adams'  work  on  ''Variation  in  lo,"-  as  in  that  he  mentions  that  he 


iFrom  the  University   of  Michigan   Museum. 

2Chas.   C.   Adams,   Variation  in   lo,  Proc.  Amer.  Assoc.   Adv.   Sci.,  Vol.   49,  1900. 
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FIGURE   2.      (Foi-  explanation,   see  page  63.) 
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used  both  adult  and  yomiji-  shells.  The  genus  7o  may  not  vary  in  this 
manner,  but  he  makes  no  mention  as  to  whether  he  determined  this 
point.  If  fact,  it  seems  to  me  that  some  of  the  remarkable  variability 
curves  obtained  by  him  may  be  due  to  such  a  cause  as  the  preponder- 
ance of  specimens  of  certain  ages. 

EXPLANATION    OF    THE    FIGURES. 

Figure  1.     Variation  in  the  Mean  Ratios  of  each  Length. 

L.     Length  of  the  shells  in  each  vertical  column  in  mm. 

N.    Number  of  shells  of  each  length,  i.  e.,  in  each  vertical  column. 

M.     Mean  ratio  (1/av)   of  shells  of  each  length. 

The  numbers  along  the  left  hand  side  of  the  plate  ai'e  the  ratios 
represented  by  each  horizontal  line. 

The  numbers  scattered  throughout  the  plate  are  the  frequencies  of  the 
square  in  which  they  occur,  i.  e.,  the  figure  1  in  the  lower  left  hand 
corner  indicates  that  there  was  one  shell,  13  mm.  long,  with  a  ratio  be- 
tween 2.1.5  and  2.20. 

The  zigzag  line  represents  the  means,  plotted  by  ''the  method  of  rec- 
tangles,"^ while  the  continuous  curve  rejn'esents  the  probable  variatioii 
of  the  ratios. 

Figure  2.     Variation  of  the  Shells  of  Single  Lengths. 

1.  Shells  22  mm.  long  (points  represented  by  oj. 

2.  Shells  23  mm.  long   (points  represented  by  x). 

These  curves  are  plotted  by  the  "method  of  loaded  ordinates."'"' 
The  numbers  at  each  point  represent  the  frequency  of  each  group. 
The  numbers  along  the  top  of  the  plate  represent  the  ratios  of  each 
group. 

Ann  Arbor,  Mich.,  April,  1010. 

^C.    B.    Davenport,    Statistical    Metliods    with    special    reference    to    Biological    Variation, 
New  York,  1899,  p.  13. 
2Ibid.,  p.  12. 
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THE  ORIGIN  OF  THE  SECOND  POLAR  BODY. 

CHARLES    E.    BARR. 

A  number  of  years  ago  I  presented  to  the  Academy  a  paper  showing 
the  origin  of  sexualify  from  asexual  dimorphism.  In  this  paper  I  offered 
a  theory  of  the  first  pohir  body  tliat  time  has  served  only  to  confirm. 
At  that  time  I  had  not  developed  a  fully  satisfactory  theory  of  the 
second  polar  body,  though  the  paper  indicated  the  line  along  which  the 
answer  should  be  sought. 

The  problem  is  by  no  means  a  simple  one,  involving,  as  it  does,  a 
complex  interrelation  of  forces,  the  principles  governing  whose  action 
have  not  yet  been  fully  ascertained.  I  believe,  however,  that  the  time 
has  now  come  when,  through  a  process  of  exclusion,  a  fairly  satisfactory 
conclusion  may  be  reached. 

Fertilization  involves  two  processes,  or  two  steps,  of  which  the  second 
is  not  necessarily  present.  These  are:  the  entrance  of  the  sperm  into 
the  ovum  and  the  union  of  the  germ  nuclei  to  form  a  segmentation 
nucleus.  It  has  been  abundantly  shown  that  a  spermatozoon,  entering 
an  eg^  from  which  the  nucleus  has  been  removed,  may  yet  inaugurate  a 
full  development.  This  obviously  is  due  to  the  activity  of  the  sj^erm  alone, 
as  has  been  conclusively  demonstrated.  A  spermatozoon,  then,  under 
such  favorable  environmental  conditions  as  thus  afforded,  can  itself 
develop  a  new  organism. 

As  shown  in  my  previous  paper,  both  ovum  and  sperm  must  have  de- 
veloped as  asexual  organisms,  each  of  which,  primitively  had  the  capac- 
ity of  independently  continuing  the  race.  In  the  case  above  cited,  it  is 
evident  that  this  capacity  has  not  necessarily  been  entirely  lost  in  the 
case  of  the  sperm.  Possibly  in  some  of  the  cases  of  parthenogenetic 
development  the  same  may  prove  true  of  the  ovum.  However  this  may 
be,  the  case  of  Amoeba  and  other  protozoans  is  sufficient  to  establish 
its  truth. 

Passing  over  the  causes  for  the  formation  of  the  first  polar  body, 
which  were  adequately  treated  in  my  first  paper,  the  crux  of  the  prob- 
lem, for  the  second,  lies  in  the  reducing  division  of  the  chromosomes 
which  occurs  preparatory  to  fertilization.  It  is  evident  that  this  cannot 
have  arisen  in  '^pi-eparation''  for  an  event  that  has  not  yet  entered  into 
the  history  of  the  race.  Foresight  is  rare  enough  in  mankind,  and  in 
animals  it  is  assuredly  a  misnomer  for  hindsight,  perpetuated.  In 
seeking  for  the  explanation  of  the  phenomenon,  therefore,  we  must  look 
to  the  environmental  conditions  presented  to  the  asexual,  dimorphic 
individuals  possessing  the  full  number  of  chromosomes — and  further, 
we  must  conceive  the  reducing  division  as  primitively  a  result,  rather 
than  a  preparation  for  fertilization,  which  has,  in  some  way,  been  thrust 
back  in  the  series  of  developmental  stages,  according  to  the  well  known 
principles  of  tachygenesis. 

The  solution  of  the  problem,  once  these  principles  are  grasped,  is  so 
simple  that  it  is  astonishing  that  they  have  so  long  escaped  the  attention 
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of  embrvologists.  The  entrance  of  the  sperm  into  the  enucleated  egg, 
8ini}i]y  restores  the  power  it  had  lost,  owing  to  the  deprivation  of  the 
nnclens.  The  entrance  of  the  sperm  into  the  egg;  which  still  retains  its 
nucleus,  at  once  brings  it  to  the  condition  ordinarily  and  necessarily 
immediately  i>recedent  to  division ;  that  is,  it  doubles  the  number  of 
chromosomes.  It  is,  then,  unnecessary  for  it  to  '"rest'' — which  is  to  say, 
take  the  time  necessary  for  the  stages  involved  in  the  dividing  of  the 
chromosomes — and  it  immediately  proceeds  to  inaugurate  the  develop- 
mental processes. 

It  must  be  remembered  that  this  process  was  begun  when  the  full 
number  of  chromosomes  was  present  in  both  bodies.  In  the  division 
that  now  takes  place,  the  distribution  of  these  chromosomes  plays  the 
important  part.  It  is  evident  that  those  in  which  the  chromosomes  from 
each  source  were  evenly  distributed  would  have  the  advantage  over  the 
others  and  natural  selection  (or  natural  elimination)  would  in  time 
establish  these  as  the  dominant  type. 

All  this,  were  the  conditions  suitable  for  immediate  development.  But 
the  very  thing  that  led  to  the  evolution  of  dimorphic  individuals  was 
the  pressure  of  hardship  which  necessitated  deferred  development.  The 
same  causes,  then,  which  were  effective  in  producing  the  inequality  of 
division  that  results  in  the  "elimination"  of  the  first  polar  body,  again 
operate,  and  this  at  once,  to  divide  off  the  second  polar  body. 

The  fertilized  egg  now  contains  the  normal  number  of  chromosomes 
and  the  second  polar  body  the  same.  From  this  condition  has  been 
evolved  the  reducing  division  by  a  gradual  shifting  backward  in  de- 
velopment of  a  segregation  of  the  chromosomes  in  both  sperm  and  egg. 
In  this  way  perfect  fertilization,  by  which  is  meant  equality  in  number 
of  chromosomes  from  each  source,  has  been  effectively  secured.  That 
this  segregation  has  not  progressed  to  the  same  extent  in  sperm  and 
egg  is  significant.  The  active  spermatozoon  has  carried  the  process  to 
the  extreme  of  segregation  before  the  last  formative  division;  the  more 
passive  ovum  scarcely  completes  it  before  fertilization  is  accomplished. 

Albion,  Mich.,  April,  1910. 
9 
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TWO  ABNORMALITIES  IN  THE  CRAYP^ISH. 

LUCIE    HARMON. 

Numerous  instances  of  abnormalities  in  the  crayfish  have  been  reported 
from  time  to  time,  and  various  causes  for  such  growths  have  been  dis- 
cussed, but  as  yet  no  definite  conclusions  have  been  reached.  The  two 
cases  here  described  are  presented  with  the  hojDe  that  they  may  serve  as 
additional  material  for  a  future  solution  of  the  causes  of  abnormal 
growth. 

The  first  case  to  be  described  is  that  of  an  aberrant  limb  on  a  male 
Camhartis  vir'iUs  (Hogen).  The  s|>efimen  was  obtained  from  Nortli  Jud- 
son,  Indiana.  Though  in  other  respects  the  animal  is  perfectly  normal, 
the  third  right  walking  leg  has  five  projections  from  the  protopodite. 
The  dactyl  and  index  on  the  outer  side  of  the  leg  are  normal,  but  on 
the  inner  side  there  are  three  additional  claws,  two  not  articulated 
but  about  the  size  of  normal  claws;  a  third,  lying  between  these  two, 
very  small,  slightly  movable,  and  deeply  set  in  a  socket.  The  pair  of 
normal  claws  and  the  longest  two  of  the  abnormal  claws  have  each  one 
row  of  serrated  plates  arranged  along  their  approximating  sides.  The 
tiny  claAV  bears  two  rows  of  serrated  plates,  facing  those  of  the  large 
claws  between  which  it  lies.  These  are  more  pronounced  on  the  inner 
than  on  the  outer  side  and  are  longest  on  the  tip.  The  four  large  claws 
bear  horn-like  tips,  but  this  condition  is  not  present  in  the  tiny  claw, 
though  the  latter  has  a  slight  protulierance  on  its  posterior  surface 
near  the  tip.  On  the  anterior  face  of  the  distal  third  of  the  protopodite 
there  is  a  slight  injury,  and  this  is  located  on  that  side  of  the  leg  from 
which  the  abnormal  claws  originate. 

From  the  mass  of  literature  regarding  abnormal  crustacean  appendages 
I  have  selected  the  following  citations  as  being  most  significant  in  their 
bearing  upon  the  present  case. 

Nusbaum,^  who  worked  upon  chelipeds  of  crayfish  thinks  that  ab- 
normalities are  due  to  enlargements  which  often  accompany  regeneration 
of  broken  parts. 

Margaret  A.  Reed,-  who  was  one  of  Prof.  Morgan's  students,  reflects, 
in  her  investigations  upon  the  hermit  crab,  the  views  which  he  held 
at  that  time.  She  says:  "If  after  the  leg  of  the  hermit  crab  has  been 
thrown  otf  at  the  breaking  joint,  the  base  is  split  lengthwise,  so  that 
the  nem'e  is  divided  or  cut  in  two,  there  often  appear  two  new  legs, 
one  connected  with  each  end  of  the  old  nerve." 

Herrick^  describes  eleven  cases  of  abnormal  appendages  in  the  lobster, 
but  only  two  of  these  are  on  ambulatory  legs,  one  a  bifurcating  dactyl, 
the  other  a  trimerous  dactyl.  He  'says,  "'Defective  or  deformed  claws, 
the  result  of  injury  in  different  stages  of  repair,  are  met  with   every 

^Nusbaum,  Josef,  :07.  Kleiner  Beitraar  zur  atavistischen  Regeneration  der  Scberen  beim 
Flusskrebse,  Arch.  f.   Entw-mecb.,   Ed.   24,   pp.  124-130. 

-Reed,  Margaret  A..  :04.  Tbe  Regeneration  of  tbe  First  Leg  of  the  Crayfish.  Arch.  f. 
Entw-mecb.,  Bd.  18,  pp.  307-316,  T.  17,  18. 

sHerrick,  F.  H.,  •06.  The  American  Lobster.  Bull.  T^  S.  F.  C,  Vol.  1.5,  (1S95),  pp. 
1-252,  Is.   1-54. 


V.<^.  1.     Abnormal   lliird   riyht 


walking  leg  of  a  malo  annhanis   ririlh. 
B,    posterioi-    surface. 


A,  anterior  surface  : 


Fig.    2.      Ventral    view   of   the   abdomen    of  a    female    Camharus   hlanditigiacutiis,   showing   an 

abnormal   right   first   swimmeret. 
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day  by  dealers,  Miiile  thousands  of  lobsters  may  be  examined  without 
meeting  a  single  case  of  repetition  or  duplication  of  parts," 

Most  of  Bateson's^  variations  described  for  Trnstacea  relate  to  chelae; 
only  one  is  of  a  chelate  ambulatory  leg,  two  of  antennae,  and  four  of  non- 
chelate  ambulatory  legs.  He  thinks  that  there  is  no  ground  to  suppose 
that  this  doubling  "is  the  result  of  injury  or  regeneration  after  injury.'^ 
When  the  limb  of  a  crab  or  lobster  is  injured,  it  is  usually  thrown  otf 
bodily,  while  the  extrai  parts  most  often  spring  from  the  periphery  of 
the  chela.  But  since,  according  to  Heineken,  such  mutilated  parts  are 
sometimes  retained,  this  must  not  be  insisted  upon.'' 

The  second  abnormality,  Fig  2,  was  found  in  a  specimen  of  Camharus 
hlandingl  aciitus  (Girard).  This  crayfish  possessed  female  characters^ 
except  for  the  fact  that  the  first  left  abdominal  appendage  was  exactly 
like  that  of  a  male  in  form,  though  its  size  was  smaller  than  that  of 
a  normal  male.  The  most  careful  dissection  showed  no  sign  of  testes 
or  male  genital  ducts,  though  the  ovary  was  somewhat  shrunken  on  the 
left  side.  The  specimen  had  stood  in  alcohol  for  at  least  three  months, 
however,  and  the  shrunken  condition  may  have  been  due  to  this  cause. 

Numerous  examples  of  hermaphrodite  crayfish  have  been  reported. 
These  are  mostly  females  with  some  male  organs.  The  most  striking 
instance  is  that  given  by  Hay-  in  which  both  male  and  female  interual 
organs  were  present.  I  know  of  no  published  record,  in  this  species  of 
crayfish,  at  least,  corresponding  exactly  to  what    I    have    described. 

As  to  the  cause  of  hermaphroditism  Hay  remarks,  "It  would  there- 
fore appear  that  in  the  genus  Cambarus,  at  least,  hermaphroditic  indi- 
viduals are  females  which,  owing  to  some  ambiguity  of  the  formative 
cells  in  the  embryo,  have  developed  to  a  greater  or  less  degree  the 
characters  of  the  opjiosite  sex." 

Andrews^  is  somewhat  more  specific  on  this  subject:  "^letm while  the 
totality  of  facts  known  seems  to  mean  that  the  gynandromorph  cray- 
fishes are  caused  by  unknown  disturbances,  which  may  happen  at 
various  periods  of  ontogeny,  though  probably  more  often  in  the  ovariao 
egg;  that  these  disturbances  may  have  no  connection  with  the  gonads; 
and  that  if  in  some  cases  the  disturbances  are  possibly  associated  with 
polyspermj^  in  general  they  seem  more  fundamental  and  deep  seated 
amidst  the  causes  of  symmetrical  form  within  the  egg." 

I  have  presented  these  abnormalities  and  some  opinions  of  others  who 
have  worked  upon  the  subject,  making  no  attempt  to  say  who  is  on  the 
right  track.  Certainly  the  Avhole  subject  is  open  to  much  more  investi- 
gation before  it  shall  be  settled. 

Univ.  of  Michigan,  April  12,  1910. 

iBateson,   Wui.,    "94.     Materials   for  the   Study   of  Variation,  p.   526. 

=Hay,  William  Perry,  :05.  Instances  of  Hermaphroditism  in  Crayfishes.  Smithsoniaa 
Miscellaneous   Collections,   Vol.   48,   Part   2.   pp.   222-228. 

^Andrews,  E.  A..  :09.  A  Male  Crayfish  with  Some  Female  Organs.  The  American 
Naturalist,    Vol.    XLIII,    Xo.    512,    pp.    401-472. 


68 


TWELFTH   REPORT. 


A   PRELIMINARY    LIST    OF   THE    CRUSTACEA    OF    MICHIGAN. 


A.    S.    PEARSE. 

It  is  not  probable  that  this  list  contains  nearly  all  the  Crustacea 
which  occur  in  the  State  of  Michigan.  It  is  published  at  this  time  with 
the  hope  that  it  niav  prove  of  value  as  a  summary  of  the  present  knowl- 
edge of  the  carcinological  fauna  of  the  state,  and  that  it  may  arouse 
increased  interest  in  this  class  of  animals.  The  list  has  been  largely 
compiled  from  the  publications  at  the  end  of  this  paper ;  some  species 
have  also  been  added  from  the  writer's  personal  records. 

I  had  at  first  planned  to  publish  keys  to  the  genera  and  species,  as 
well  as  to  the  sub-classes,  orders  and  sub-orders.  This  plan  was  given 
up  however,  because  the  records  for  many  of  the  orders  were  found  to 
show  only  a  fraction  of  the  species  which  probably  occur  in  the  state. 
The  following  papers  include  keys  by  which  the  species  of  the  various 
orders  mav  be  identified:^ 


Phyllopoda  (1) 
Cladoccra  (37) 
Ostracoda  (1) 
Copepoda    (25) 

Aniphipoda  (G) 
Isopoda  (G) 
Mysidacea  (1) 
Decapoda     (9)  ; 


{'Sc 


)■ 


('95 ) 
(:07),, 


-Packard 

-Herrick  and  Turner 
-Sharpe  (:03). 
-Forbes     ('97),    Marsh 
Wilson    (:04). 
-Weckel   (:07).- 
-Richardson  ('05). 
-Caiman   (:09). 
-Ortmann  (:05),  Pearse  (  :10) 


Richard    ('95). 

Schacht     ('97,  '98), 


KEY    TO    SUB-CLASSES. 

1.  A  variable  number  of  body  segments  behind  the  head ;  no  gastric 

mill;  larva  usually  leaves  the  egg  as  a  free  swimming  nauplius 
and  passes  through  a  metamorphosis;  excretory  organs  are  shell 
glands Sub-class  Entomostmca,  p.  08. 

2.  A  definite  number  of  segments  behind  the  head  (i.  e.  eight  in  thorax, 

seven  in  abdomen)  ;  gastric  mill  usually  present;  nauplius  stage 
usually  passed  through  in  the  Qgg\  excretory-  organs  are  an- 
tennary  glands Sub-class  Malacostraca,  p.  G9. 

KEY     TO     ORDERS     AND     SUBORDERS     OF     EXTOMOSTRACA. 

1.     Body  distincth'^  segmented  and  covered  by  a  cephalic  carapace;  post 
cephalic  a]>pendages  leaf-like Order  Plij/llopoda.  p.  G9. 

a.  Phyllopoda   of  considerable  size;  with  10-60  pairs  of  leaf- 

like swimming  feet Sub-order  EiiplujUopoda,  p.  69. 

b.  Small  Phyllopoda  Avith  compressed  body  inclosed  in  a  bi- 
valve carapace;  four  or  five  pairs  of  swimming  feet;  the 
biramous   autennal   are  the    chief    organs    of    locomotion. 

Sub-order  Cladoccra.  p.  69. 

^The   numbers   after    each    order   and    suborder    indicate    tlie     number     of     species     already 
recorded   from    Michigan.     Tlie   list   includes  a   total   of  eighty-six  species  and   subspecies. 
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2.  fc«lmall  eiitomosti-aca  liaviug-  body  completely  inclosed  in  a  bivalved 

carapace,  formed  of  articnlated  right  and  left  valves;  body  im- 
segmented;  abdomen  rndimentary ;  only  seven  pairs  of  append- 
ao-es Order  OsHracocki,  p.  71. 

3.  Small  entomostraca,  having-  an  elongated  body  which  is  usually  dis- 

tinctly segmented;  thorax  bears  three  or  four  pairs  of  biramous 
appendages,  abdomen  has  none;  many  are  parasitic  and  show 
various  stages  of  degeneration  of  structure. Order  C'ope^jOfZo,  p.  71. 

a.  Free  living  forms;  eggs  develop  in  a  brood  sac  attached  to 
the  abdomen ^ Sub-order  Eucopepoda,  p.  71. 

b.  Ectoparnsitic   forms;   body   strongly    depressed;    no    brood 
sacs Sub-order  Branchiura^  p.  72. 

• 

KEY    TO   ORDERS   AND    SUBORDERS   OF    MALACOSTRACA.      ' 

1.  Small  and  shrimp-like;  thorax  covered  by  a  soft  carapace;  thoracic 

appendages  all  biramous;  eyes  stalked.  . .  .Order  Mysidacea,  p.  73. 

2.  Head  and  thorax  united  to  form  a  cephalothorax  which  is  covered  by 

a  carapace;  three  anterior  pairs  of  thoracic  appendages  form  bi- 
ramous foot  jaws,  the  posterior  five  pairs  of  walking  legs  are  un- 
iramous ;  eyes  stalked Order  Decapoda,  p.  73. 

3.  No  carapace/ the  first  and  sometimes  the  secoud  thoracic  segment 

fused  with  the  head,  the  remaining  seven  are  free;  eyes 
sessile Order  Artlirostraca,  P-  73. 

a.  Body  compressed,  or  flattened  from  side  to  side. 

Sub-order,  Amphlpoda,  p.  73. 

b.  Body   depressed,   or  flattened   from   above   downwards. 

Sub-order,  Isopoda,  p.  73. 

Order  Phyllopoda. 
Sub-order  Euphyllopoda. 

*  1.     Branchipus   rentalis  Yerril 

This  species  was  taken  throughout  the  springs  of  1909  and  1910  at 
White's  Woods  near  Ann  Arbor. 

Sub-order  Cladocera. 

2.  Acroperus  leiicoceplialus  Koch 

Marquette  (Forbes,  '91),  Lake  St.  Clair  (Reighard,  '91). 

3.  Alona  affinis  Leyd. 

Lake  St.  Clair   (Reighard,  '94). 

4.  Alona  guttata    Sars 
Lake  St.  Clair   (Reighard,  '94). 

5.  Alona  lineata  Fischer 
Lake  St.  Clair   (Reighard.  '94). 

6.  Alona  qudranytilaris  Miiller   (=^1.  ohlonga  P..E.  Mueller). 
Marquette  (Forbes,  '91). 

7.  Alonella   rostrata  Koch 
Lake  St.  Clair   (Reighard.  '94). 

8.  Bosniina  lonfjirostiis  O.  F.  M. 
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Marquette  (Forbes,  '91),  Lake  St.  Clair  (Reighard.  '94). 

9.  Bosmina  loiifjispina  Leyd. 
Lake  St.  Clair   (Reigliard,  '94). 

10.  Camptocerciis  recti rostris  Selidlr. 
Lake  St.  Clair   (Reigliard,  '94). 

11.  Ceriodaphnia  Jaciistris  Birge  "^ 
Lake  St.  Clair   (Reigliard,  '94). 

12.  Chijdorus  glohosus  Baird 

Marquette  (Forbes,  '91),  Lake  St.  Clair  (Forbes,  '91). 

13.  Chi/dorus  i-uglosus  Forbes 
Marquette   (Forbes,  '91). 

14.  Chydonis  spJiacricus  O.  F.  M. 

Marquette  (Forbes,  '91^,  Lake  St.  Clair  (Reighard,  '94),  Lake  Michigan 

((Underwood,  '86). 

15-     DaphneUa  hracJn/iira  Liev. 
Marquette    (Forbes,  91),  Lake  St.  Clair    (Reighard,  '94). 

16.  Daphnia  hyulina  Levd. 
Lake  St.  Clair   (Reighard,  '94). 

17.  Daphnia    l-alilhcrgcnsis    inte.rta'  Forbes 
Marquette   (Forbes,  '91),  Lake  St.  Clair  (Reighard,  '94). 

18.  Daplinia  l-ahlljcrgensis  retrocurva  Forbes 
Lake  St.  Clair   (Reighard,  '94). 

19.  Daphnia  ptilcx  De  Geer 

;Specimens  in  the  Michigan  State  ^luseuni  (Nos.  39052,  39053)  were 
^collected  at  Walnut  Lake,  Oakland  county,  August  25,  1906,  at  a 
(depths  of  twenty  and  thirty  meters  respectively. 

20.  Daplinia  piilea'  pulicaiina  Forbes 
Lake  St.  Clair   (Reighard,  '94). 

21.  Daphnia  rvtiocurva  Forbes 
Grand  Traverse  Bay   (Forbes,  ^^^2) . 

22.  Etirycercus  Jamvllaius  O.  F.  M. 

Marquette  (Forbes,  '91),  Lake  St.  Clair  (Reighard,  '94). 

23.  GraptoJchcris   tcstudinata   Fischer  ^ 
Lake  St.  Clair   (Reighard,  '94).                                                                      * 

24.  Holopedinin  gihhcrum  Zad. 

Grand  Traverse  Bav  (Forbes,  '82),  Lake  Michigan  (Underwood,  '86), 
Marquette  (Forbes,  '91),  Lake  St.  Clair  (Reigiiard,  '94). 

25.  Ilyocryptus   longircinis  Sars 
Lake  St.  Clair   (Reighard,  '94). 

26.  Latona  sctifcra  O.  F.  M. 

Lake  Michigan    (Undei'Avood,  '86),  Lake  St.  Clair    (Reighard,  '94). 

27.  Leptodora  hyaiina  Lillj. 

Grand  Ti-a verse  Bav    (Forbes,  '82),  Marquette    (Forbes,  91),  Lake  St 
Clair  (Reighard,  '94). 

28.  Monospniifi  icnnifostn's  Fischer 
Lake  St.  Clair,  Isle  Royal   (Reighard,  '94). 

29.  OphryoxHs  qracilis   Sars 
Lake  St.  Clair   (Reighard,  '94). 

30.  Plearoirus  dcnticalatits  Birge 
Lake  St.  Clair   (Reighard,  '94). 

31.  Plcuroxus  namus  Baird 


MICHIGAN  ACADEMY  OF   SCIENCE.  71 

Lake  St.  Clair   (Reii>hard,  '94). 

32.  Plcuroj-iis   prociircatK.s   Birge 

Marquette  (Forbes,  '!)!),  Lake  St.  Clair  (Reighard,  '94). 

33.  Plcuroxiis   ffiarilis   uiiidcns   Birge 
Lake  St.  Clair   (Reighard,  '94). 

34.  ]*ohjphcyiuis  pcdiciilus  De  Geer 

Marquette  (Forbes,  '91),  Lake  St.  Clair  (Reighard,  '94). 

35.  ^capJioIehcris  niucronata  O.  F.  M. 

Marquette    (Forbes,    '91),    Lake    St.    Clair    (Reighard,    '94). 

3G.     >S'/(/«  cri/stdUina  O.  F.  M. 
Lake  Miehigau    (Underwood,   '86),   Marquette    (Forbes,   '91),   Lake   St. 

Clair   (Reighard,  '94). 

37.  i^hnoce phalli s  scrruJdtiis  Koch 
Lake  St.  Clair   (Reighard,  '94). 

38.  SimocephaJiis  vetulus  O.  F.  M. 

Marquette  (Forbes,  '91),  Lake  St.  Clair  (Reighard,  '94).  I  took  this 
species  at  "the  overflow"  at  Ann  Arbor,  Nov.  20,  1909. 

Order   Ostracoda. 

39.  Cjjpria   rsctilpia    S.   Fischer 

Ann  Arbor  ( Sharpe,  :03).  The  writer  collected  this  species  at  Ann 
Arbor,  Dec!  21.  1908  and  Nov.' 20,  1909. 

Order  Copepoda 
^ub-order  El'Copepoda 

40.  Achtlicns   corpulcntus   Kellicot^ 
Michigan    (Underwood,    '86). 

41.  Achthcrcs  (unhlyopliiis  Kellicot^ 
Michigan   (Underwood,  'S'^). 

42.  Canthocamptus  miuutus  Clans 

Taken  at  "the  overflow,"  Ann  Arbor,  Nov.  20,  1909. 

43.  CycJops  albidiis  Jurine 

Lake  St.  Clair;  Chebovgan,  Charlevoix,  Antrim  and  Emmet  counties 
(Marsh,    '97). 

44.  Cyclops  atcr  Herrick 

Lake  St.  Clair  (Forbes,  '97;  Marsh,  '97),  Antrim  and  Charlevoix  coun- 
ties   (Marsh,   '97). 

45.  Cyclops  hicolor  Sars 

Lake  St.  Clair  (Forbes,  '97;  Marsh,  '97),  Cheboygan  Co.   (Marsh,  '97). 

46.  Cyclops  hirtispiihtfiis  Clans 

Grand  Traverse  Bay  (Forbes,  '82 j,  Marquette  (Forbes,  '91),  Charlevoix, 
and  Cheboygan  counties.  Lake  Erie,  Lake  St.  Clair,  Lake  Michigan 
(Marsh,  '97).  Taken  in  Oakland  Co.  in  Walnut  Lake,  Aug.  25,  1906, 
at  twenty  meters;  also  at  Ann  Arbor  during  December, 

47.  Cyclops  cdax  Forbes 
Marquette  (Forbes,  "91). 

48.  Cyclops  fuscus  Jurine 

^Parasitic  on  flsh. 
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Michigan  (Forbes,  "97),  Antrim  Co.  (Marsh,  '97).  Taken  at  Ann  Arbor, 
Dec.  21,  1908. 

49.  Ci/clops  h'licl-arfi  Sars 

Lake  Erie;  Lake  Michigan;  Lake  St.  Ckiir;  Antrim,  Cheboygan,  Charle- 
voix, Ionia  connties  (Marsh,  '97). 

50.  Cyclops  pltalcratus  Koch 

Lake   St.   Clair;   Antrim   and   Cheboygan   counties    (Marsh,   '97). 

51.  Cyclops  prashtus  Fischer 

Antrim,  Charlevoix,  Cheboygan,  Emmet,  Ionia  counties;  Lake  Erie, 
Lake  St.  Clair,  Lake  Michigan   (Marsh,  '97). 

52.  Cyclops  serndaius  Fischer 

Marquette  (Forbes,  '91)  ;  Antrim,  Cheboj'gan,  Charlevoix,  Emmet 
counties;  Lake  St.  Clair,  Detroit  River  (Marsh,  '97).  Taken  at  Ann 
Arbor,  Dec.  21,  1908,  Nov.  20,  1909. 

53.  Cyclops   vcmalis  Fischer 
Taken  at  Ann  Arbor.  Dec.  21,  1908. 

54.  Cyclops  riiidis  hrciisponosus  Herrick 

Antrim,  Charlevoix,  Emmet,  connties ;  Lake  Erie,  Lake  St.  Clair,  De- 
troit River  (Marsh,  '97).     Taken  at  Ann  Arbor,  Nov.  20,  1909. 

55.  DiapHonuis  aslihrndi  Marsh 

Lake  Michigan,  Lake  St.  Clair,  Detroit  River,  Charlevoix  Co.    ( Marsh, 

'97);  Michigan   (Schacht,  '97). 

50.     Diaplomus  minutus  Lilljeborg 
Lake  Michigan.  Lake  St.  Clair,  Detroit  River;   Charlevoix,  Cheboygan, 

Emmet  connties   (Marsh,  '97);  Michigan   (Schacht,  '97). 

57.  Diaptonius  oregoncnsis  Lilljeborg 

Lake  Erie,  Lake  Michigan,  Lake  St.  Clair; '  Antrim,  Charlevoix,  Che- 
boygan, Emmet,  Genesee,  Ionia  counties  (Marsh,  '97),  ^Michigan 
(Schacht,  '97). 

58.  JJiaptoiiuis  rcighardi  Marsh 

Antrim,   Charlevoix,   Emmet   counties    (Marsh,   '97). 

59.  Diaptonius  sicilis   Forbes 

Grand  Traverse  Bay  (Forbes,  '82),  Marquette  (Forbes,  '91),  Lake  :Mi('hi- 
gan.  Lake  St.  Clair,  Detroit  River,  Charlevoix  county  (Marsh,  '97), 
Michigan   (Schacht,  '97). 

60.  Epischura  lacustris  Forbes 

Grand   Traverse   Bay    (Forbes,   '82)  ;   Lake  Michigamme    (Forbes,   '91)  ; 
Lake  Michigan    (Forbes,   '97)  ;   Lake  Michigan,  Lake   Erie,   Lake   vSt. 
Clair;  Antrim,  Charlevoix,  Cheboygan,  Emmet,   Genesee,  Ionia  coun- 
ties   (Marsh,  '97). 
01.     Lcrnaeocera  cruciata  Le  Seiu'^ 

Michigan    (Underwood,  '80). 
.62.     Lernaeocera  pcdloralis  Kellicot^ 

Michigan   (Underwood,  '86). 

63.  Limnocalanus  macrurus  Sars 
Marquette    (Forbes,   '91),   Michigan    (Forbes,   '97). 

Sub-order  Branchuira 

64.  Argulus  americanus  Wilson 
Ann  Arbor   (Wilson,    :04). 

iParasitic  on   fish. 
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Sub-class  Malacostraca 
Order  Arthrostraca 
Sub-order  Amphipoda 

Go.     DUxCtogammarus  fasciatus    (Say) 
Michigan   (Uuderwood,  '8G),  Lake  Superior,  Ann  Arbor   (Weckel,   :07). 

Taken  in  St.  Josepli  county,  April  13,  1009. 

06.     Eticraf/oiii/x  gracilis    (Smith) 
Ann  Arbor,  Isle  Eoyal,  Lake    Huron,    Lake    Superior    (Weckel,     :0T), 

Walnut  Lake   (Hankinson,    :08). 

GT.     Gaminanis   liinnacus  Smith 
Ann  Arbor,  Isle  Roval,  Marquette  (Weckel,  :07),  Michigan  (Uuderwood, 

•8G). 

68.  Hi/aUcla  faxoni    (Stebbing). 

Specimens  in  the  L^niversity  Museum  were  taken  at  Isle  Royal. 

69.  Hyalella   Jc)rickerl)ockcri    (Bate) 

Charlevoix  Co.  (Ward,  '97),  Ann  Arbor,  Isle  Koyal  (Weckel,   :07),  Oak- 
land Co.   (Hankinsou,    :08). 

70.  Poittopereia  lioyi  Smith 

Lake  Michigan    (Underwood,  "86;  Ward.  '97;  Weckel,    :07). 

Sub-order   Isopoda 

71.  Ascllus   conniiiiiiis  Say 
Michigan   (Richardson,   :05). 

72.  CyUsticHS   conveccus    (DeGeer) 

Sag:inaw    (Richardson,    :05).      There   are    specimens   in    the   T'niversity 
Museum  from  Isle  Royale  and  Ann  Arbor. 

73.  LigidiiDii  longicaudatum   Stoller 

Taken  near  "the  overflow,"  at  Ann  Arbor,  Xov.   20,   1909. 

74.  AlancaseUus  tenax   (Smith) 

Lake  Huron,   Lake   Superior,   Michigan    (Richardson,    :05). 

75.  MancascUus  tciuix  dilaHa   Smith 
Detroit    River    (Richardson,    :05). 

76.  PorceJIio   rathJcei  Brandt 

Sagijiaw   (Richardson,    :05).     Taken  at  Ann  Arbor  frequently. 

Order   Mysidacea 

77.  Mysig  relicta  Loven 

Lake  Michigan   (Smith,  '74;  Underwood,  '86;  Ward,  '97),  Grand  Trav- 
erse Bay  (Forbes,  '82). 

Order  Decapod  a 

78.  CainljaiKS  argillicolu  Faxon 

Detroit,    East    Saginaw    (Faxon,    '85).     Gratiot,    Saginaw,    St.    Joseph, 
Washtenaw  counties   (Pearse,    :10). 

79.  Camharus  hartoui  rol)UStus   (Girard) 

Lake   Michigan    (Faxon,    '85),    Michigan    (Adams.     :07),    Oakland     Co. 
(Hankinsou,    :08).     Alcona,  Crawford,    Oscoda,    Wayne,    Washtenaw 
counties    (Pearse,    :10). 
10 
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80.  C(t)iih<inis    hhiiidingi  ocutus    (Girard) 
St.  Josepli  (  ounty  (  Pearse,   :10). 

81.  (Uniihanis  diogcnes   Girard 

Detroit  (Faxon,  '85),  Oakland  Co.  (Hankinson,  :08),  Huron,  Washte- 
naw, St.  Joseph  counties  (Pearse,    :1()). 

82.  Camhanis  inuiiunis  Hagen 

Detroit  (Faxon,  '85),  Huron,  Saginaw,  Washtenaw  counties  (Pearse, 
:10). 

83.  Caniharus  propinguns  Girard 

Allegan,  Calhoun  counties  (Faxon,  '90),  Saginaw,  Cheboygan  counties 
(Faxon,  '08),  Emmet,  St.  Clair,  Washtenaw,  Wayne  counties  (Ortman, 
:06),  Crawford,  Huron,  Gratiot,  Genesee,  Oakland,  St.  Joseph  coun- 
ties  (Pearse,    :10). 

84.  Cdiiilxifiis  nisticKS  Girard 

Lake  ^Michigan    (Faxon,  '85),  Saginaw   (Faxon,  '98). 

85.  Caniharus  ririlis  Hagen 

Calhoun  Co.   (Faxon,  '90),  Cheboygan  Co.   (Faxon,  '98),  Charlevoix  Co. 

(Ortmann,    :05),   Crawford,   Dickinson.  Houghton,    Iron,    Marquette, 

Huron,   Oscoda,    St.   Clair,   St.   Joseph,   Wayne,   Washtenaw   counties 

(Pearse,    :10). 

8(3.     Palacnwnetes  cxilipcs  Stimpson 
Wayne  county    (Smith,  "74),  Michigan    (Underwood,  'SG). 
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A  REMEDY  FOR  THE  BLACK  FLY  PEST  IN  CERTAIN  STREAMS 
OF  THE   SOUTHERN  PENINSULA  OF  MICHIGAN. 

CORA    D.    REEVES.^ 

In  June,  1009.  members  of  the  engineering  staff  of  tlie  University  of 
Michigan  were  driven  from  their  camp  on  Douglas  Lake  in  Clieboygan 
county  by  tlie  black  flies  and  at  the  end  of  the  month  it  was  deemed 
best  to  postpone  for  one  week  the  opening  of  the  Engineering  Camp  and 
tlie  Biological  Station  on  Douglas  Lake  on  account  of  these  pests.  The 
conditions  seemed  to  demand  an  immediate  investigation  and  this  was 
undertaken  by  the  writer  at  the  suggestion  of  Professor  Reighard  and 
under  his  direction. 

Eggs,  larvae  and  adults  were  collected  and  determined  as  Sinnilium 
venustum,  an  identification  Avhich  was  kindly  confirmed  by  Professor  O. 
H.  Johannsen  of  the  Maine  Agricultural  Experiment  Station.  No  other 
species  of  black  fly  was  found. 

The  adult  is  described  by  Comstock,-  as  about  5  mm.  ( 1/5  in.)  long, 
a  stout-bodied  fly  with  iridescent  wings  and  very  short,  though  sharp, 
biting  mouth  parts.  The  character  of  the  mouth  parts  probably  ac- 
counts for  the  fact  that  the  fly  usually  inflicts  the  bite  on  the  neck,  or 
about  the  eyes  or  nose  where  the  skin  is  thin.  The  few  observations 
made  tend  to  confirm  the  belief  that  where  adults  are  numerous  their 
breeding  places  are  to  be  sought  to  windward  and  at  no  very  gi'eat  dis- 
tances. The,y  appear  not  to  be  strong  fliers  and  are  distributed  from 
their  breeding  grounds,  in  part  at  least,  by  the  wind.  Those  at  the 
Engineering  Camp  came  with  little  doubt  from  Carp  Creek,  a  stream 
less  than  a  mile  southwest  of  the  camp  and  none  were  seen  or  heard  of 
more  than  two  or  three  miles  from  a  larva  invested  stream. 

Comstock^  tells  of  watching  the  adults  dart  into  the  water  and  out 
again  and  of  finding  the  surface  of  a  submerged  rock  coated  with  their 
eggs.  The  larvae  are  about  8  mm.  (ly  in.)  long,  club-shaped  and  aj:- 
tached  by  the  posterior,  larger  end  to  }<ome  smooth  solid,  usually  a  rock. 
They  are  aquatic  like  the  larvae  of  other  gnats  and  mosquitoes  and  are 
found  in  swift  water.  They  are  usually  to  be  obtained  by  sweeping  the 
surfaces  of  the  rocks  and  catching  the  dislodged  material  in  a  net.  As 
there  are  no  rocks  in  Carp 'Creep  they  were  sought  there  by  direct  ob- 
servation and  by  sweeping  the  logs  and  submerged  branches,  but  with- 
out success.  They  were  finally  discovered  by  picking  out  pieces  of  bark 
which  chanced  to  be' lodged  in  the  stream  and  to  the  smooth  inner  sur- 
faces of  which  they  were  attached.  They  were  also  found  attached  to 
smooth  leaves,  such  as  those  of  the  maple  and  beech  which  were  caught 
and  held  in  the  stream.  Small,  smooth  branches  and  twigs  were  often 
found  covered  with  them.  Thus  a  stick  %  in.  in  diameter  and  not  over 
four  inches  long  had  221  larvae  attached  to  it.  They  were  found  quite 
uniformly  on  the  under  surface  of  the  object  to  Avhich  they  were  fast- 
ened and  if  the  supporting  surface  was  wide,  they  were  apt  to  be  at- 

iContribution    from    the    Zoological    Laboratory    of    tlie    University    of    Michigan,    Xo.    129, 
(Biological    Station    Series.   Zoological   Publication    No.    1). 
^Comstock,  J.  II..  A  Manual  for  the  Study  of  Insects.  7th  edition.   Ithaca.   1907. 
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tached  near  its  njt-str-eani  border.  Tliev  were  found  quite  uniforinly 
near  the  water's  surface  and  none  were  taken  at  a  greater  distance  than 
ten  inches  below  the  surface.  When  found  as  far  as  ten  inches  from 
the  surface  their  support  was  a  stick  which  slanted  into  deeper  water 
below  them. 

Light  did  not  appear  to  have  intluenced  the  female  in  selecting-  the 
place  for  depositing  the  e^^,  so  that  larvae  were  commonly  found  in 
sun-lit  places,  but  also  in  darkness.  Thus  water  was  often  heard  gurg- 
ling undergTound  over  the  roots  of  stumps  in  the  cedar  swamps  ad- 
jacent to  Carp  Creek.  In  one  such  case  the  overlying  moss  and  earth 
was  removed  to  reach  the  water  and  a  larva  was  found  in  it.  The 
nearest  opening  to  the  surface  was  about  two  feet  distant.  Temperature 
of  the  water  appears  to  have  little  influence  in  determining  the  location 
of  the  eggs  or  larvae.  Larvae  were  found  in  water  of  10°  C.  and  in 
that  of  251/2°  C.  In  the  laboratory  the  larvae  were  found  to  endure 
for  six  hours  temperatures  of  31°  C.  to  35°  C. 

No  larvae  were  found  in  the  still  pools  of  streams  nor  in  the  lakes. 
Probably  they  are  unable  to  obtain  food  with  their  fan-like  mouth  parts 
except  in  ra])id  water. 

The  conditions  necessary  for  the  breeding  of  the  flies  thus  appear  to 
be  rapid  water  and  a  smooth  surface  for  the  attachment  of  the  larvae. 
All  the  conditions  of  light  and  temperature  obtaining  in  this  region  ap- 
pear to  be  suitable. 

Tlie  reYhedp:  "^arp  Creek  and  the  other  small  streams  flowing  south 
from  the  ridge  near  which  the  Biological  Station  is  located,  run  through 
sand  and  transport  sand.  Sand  forms  the  banks  and  beds  of  these 
streams,  and  the  logs  and  branches  obstructing  the  stream  soon  become 
coated  with  it.  Only  the  leaves,  pieces  of  bark,  logs  and  twigs  that  lie 
near  the  surface  of  the  water  and  chiefly  the  lower,  smooth  surfaces  of 
these  are  free  from  sand.  Either  the  adult  black  flies  do  not  attach  their 
eggs  to  the  sand-covered  surfaces,  or  the  larvae  are  unable  to  retain 
their  hold  on  them,  or  the  sand  shifts  and  eggs  and  larvae  are  swept 
down  stream.  In  any  case  the  eggs  and  larvae  are  found  attached  only 
to  the  smooth  sand-fr-ee  surfaces  and  these  lie  near  the  surface  of  the 
■vyater.  To  remove  the  twigs,  branches,  logs  and  lodged  leaves  that  ex- 
pose smooth  surfaces  free  from  sand  would  destroy  the  black  fly  larvae 
and  make  the  stream  unsuited  for  the  breeding  of  black  flies. 

To  determine  Avhether  larvae  would  be  killed  by  removal  from  the 
stream  or  Avould  make  their  way  back  to  it,  leaves  with  attached  larvae 
were  placed  on  land  and  the  movements  of  the  larvae  watched.  They 
were  found  to  go  to  the  lower  parts  of  the  leaves  or  to  get  between  their 
moist  surfaces.  None  of  them  moved  more  than  two  inches  from  the 
places  to  which  they  had  been  attached.  Twenty-four  larvae  were 
watched;  all  were  dead  within  forty  minutes.  Less  than  ten  minutes  on 
a  dry  surface  sufficed  to  kill  the  larvae.  Hence  to  remove  from  the 
stream  the  smooth  ohjeefs  to  u-hich  the  larvae  are  attached  should 
great] II  lessen,  the  hlael:  flij  pest. 

It  is  evident  that  this  method  is  available  only  in  those  streams  in 
which  silt  or  sand  covers  the  bottom,  but  is  of  no  value  in  shallow, 
stony  strean)S.  In  such  streams  the  use  of  heavy  oil  or  the  damming  of 
the  streams  has  been  found  efl'ective. 

Manistee.  Mich.,  Apr.  1010. 
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CAN  SEEDS  BE  STERILIZED? 

RICHARD    DE    ZEEUW. 

The  work  laid  out  in  this  study  was  to  test  the  action  of  the  follow- 
ing agents:  cleaning  fluid,^  mercui'ic  chloride,  potassium  dichromate,  and 
formaldehyde  gas,  on  each  of  the  following  seeds:  Lupine,  Pea,  Wheat, 
Corn   and  Mustard. 

The  work  can  be  conveniently  divided  into  two  parts.  The  first  part 
has  to  do  mainly  with  the  seeds,  the  second  mainly  with  the  fungi  and 
bacteria. 

The  first  thing  to  be  done  is  to  determine  the  highest  concentration 
and  the  longest  period  of  exposure  in  each  case  which  will  still  permit 
one  to  obtain  a  fair  percentage  of  normal  seedlings,  leaving  out  of 
consideration  for  the  time  being  the  effect  of  the  disinfectant  on  the 
adhering  fungi  and  bacteria.  A  great  deal  of  unnecessaiw  and  tedious 
work  would  be  involved  in  determining  the  effect  of  the  disinfectant  on 
the  fungi  and  bacteria  adhering  to  the  seeds  while  determining  its  effect 
on  the  germination  of  the  seeds.  The  germination  tests  were  carried 
on  during  the  early  fall  when  the  laboratory  had  a  normal  temperature 
day  and  night  of  22^  C.  This  temperature  was  fairly  constant.  Lots  of 
twenty-five  seeds  each  were  exposed  for  different  lengths  of  time  to 
different  concentrations  of  eacli  of  the  disinfectants,  and  after  thorough 
washing  were  placed  in  a  Geneva  germinator  kept  at  room  temperature. 
They  were  left  for  four  or  five  days  and  then  were  comi)ared  with  the 
controls.  These  controls  were  treated  as  nearly  as  possible  in  a  man- 
ner similar  to  the  experimental  seeds,  except  that  no  disinfectant  was 
used. 

After  the  highest  point  of  both  exposure  and  concentration  had  been 
determined  for  each  kind  of  seeds  in  the  different  disinfectants,  each 
kind  of  seeds  thus  treated  Avas  then  tested  to  determine  whether  bac- 
teria and  fungi  could  endure  this  treatment  as  well  as  the  seeds.  For 
determining  the  latter  point,  an  apparatus  was  constructed,,  the  idea 
for  which  was  obtained  from  Kehler's  ('04)  paper.  It  differs  from 
Kehler's  apparatus  in  that  the  seeds,  after  they  are  once  placed  in  the 
disinfectant,  are  not  exposed  to  contamination  in  any  form  till  after  a 
two  weeks  incubation.  Kehler  transferred  his  seeds  by  means  of  sterile 
forceps  from  the  vessel  in  which  they  had  been  treated  to  the  flask 
of  culture  medium. 

The  apparatus  (see  plate)  is  constructed  as  follows:  There  is  a  large 
flask,  A,  which  contains  distilled  water  and  is  connected  with  a  three- 
arm  glass  cock.  B.  Flask  A  also  has  a  glass  tube,  a,  with  a  flange 
worked  on  the  end.  This  tube  projects  into  the  flask  through  the  rub- 
ber stopper.  Over  the  flanged  end  of  the  tube  is  securely  fastened  a 
cap  of  cotton,  b,  to  filter  the  air  as  it  enters  the  flask  when  the  water 
is  drawn  out  of  the  flask.  To  the  tube  on  the  opposite  side  of  cock,  B, 
is  attached  a  small  flask.  C.    This  flask  has  also  an  upright  flanged  tul)e, 

'Cleaning  fluid  equals  H2  SO4  sp.  gr.  1.83  saturated  with  K2  Cr2  O7. 
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a',  with  a  cotton  filter,  b'.  To  the  third  tube  of  cock,  A,  is  attached 
another  small  flask,  D.  In  addition  to  the  flanged  tnbe,  a",  with  its  cot- 
ton filter,  b'^,  it  has  a  third  tube,  c,  entering  it.  This  tube  is  drawn  to  a 
point,  dips  to  the  bottom  of  the  flask,  and  is  bent  so  as  to  end  in  the 
angle  between  the  side  wall  and  the  bottom  of  the  flask.  Tube,  C,  is 
connected  wath  cistern,  E,  which  in  turn  is  connected  with  an  aspirator. 
Flasks  A,  C,  and  D  are  supported  on  a  low  ring  stand. 

The  apparatus  is  operated   as  follows:     Flask  A  is  filled  with   dis- 
tilled water;  into  flask  C  is  put  25  cc.  of  agar  medium;  and  E  is  dis- 
connected after  the  rubber  tube  between  D  and  E  lias  been  closed  by 
means  of  a  clamp.     The  whole  apparatus    (except  the  cistern)    is  then 
placed  in  the  autoclave  and  sterilized.    After  autoclaving,  flask  C,  while 
still  attached  to  the  ringstand,  is  introduced  through  a  slot  into  a  large 
cardboard    cylinder.      Around    the   arm    supporting-  flask   C,    is   packed 
sufficient  cotton  to  close  the  opening  in  the  cylinder.     The  agar  medium 
in  the  flask  is  kept  at  about  45°  C.  by  means  of  an  electric  bulb  placed 
inside  the  cylinder.    D  and  E  are  again  connected.    When  the  apparatus 
has  cooled  sufficiently,  the  rubber  stopper  is  removed  from  flask  D,  the 
seeds  and  the  desired  disinfectant  are  quickly  introduced,  and  the  flask 
is  again  closed  tightly.     Flask  D  is  then  thoroughly  shaken,  so  that  the 
disinfectant  may  come  in  intimate  contact  with  the  walls  of  the  flask, 
the  tube  and  the  rubber  stopi)er.    This  is  to  destroy  any  spores  that  may 
have  happened  to  enter  when  the  flask  was  opened  to  admit  the  seeds 
and  disinfectant.     When  the  seeds  have  been  in  the  disinfectant  the  re- 
quired length  of  time,  the  disinfectant  is  drawn  off  into  the  cistern  E, 
by  means  of  tube  c.     The  last  drops  can  readily  be  removed  by  tilting 
flask  D.     Water  is  then  drawn  through  cock  B  from  flask  A  into  flask 
D,  upon  the  seeds.     This  is  done  by  exhausting  the  air  in  cistern  E.   To 
prevent  the  air  from  entering  flask   D   during  this   process,   a  rubber 
finger-cot  can  be  drawn  over  b"  or  the  finger  may  simply  be  pressed 
down  on  it.     In  that  way  the  seeds  can  be  washed  as  frequently  as  de- 
sired.    After  washing  them,  some  of  the  agar  medium  is  drawn  from 
flask  C  by  turning  cock  B  so  as  to  connect  C  and  D.     Agar  solidifies 
at  42°  C.     It  is  therefore  kept  at  about  45°  C  until  needed.     That  tem- 
perature will  not  harm  the  fungi  or  bacteria  that  may  adhere  to  the 
seeds.     Sufficient   agar  to   cover  the  seeds  is  introduced.     The   rubber 
tubes  between  D  and  B  and  between  D  and  E  are  closed  by  means  of 
clamps.     The  rubber  tubes  are  cut  beyond  the  clamps  and  flask  D  is 
ready  to  be  set  aside  to  incubate.    » 

In  all  of  the  following  germination  experiments,  all  of  the  seeds  were 
carefully  inspected  so  as  to  obtain  only  perfect  specimens.  In  all  the 
germination  experiments,  each  lot  consisted  of  twenty-five  seeds.  The 
germination  percentage,  under  ordinary  laboratorv^  conditions,  of  the 
seeds  in  the  following  experiments  was  as  follows:  Lupine  90%,  Pea 
96%,  Wheat  90%,  Corn  100%,  Mustard  90%.  The  first  agent  used  in 
treating  the  seeds  w^as  cleaning  fluid  (HoSO^+KoCr^O-).  As  far  as  I 
have  been  able  to  ascertain  it  has  not  been  employed  for  the  purpose 
before.  It  occurred  to  me  that  cleaning  fluid  might  be  a  very  desirable 
agent  to  use  since  it  penetrates  no  farther  than  it  thoroughly  oxidizes. 
Thus,  by  timing  its  action,  we  can  destroy  as  much  of  the  seed-coat 
as   is  safe  under  any  given   conditions,   and   also  the  adhering  fungiis 
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and  bacteria  spores,  even  such  fungus  liypliae  as  may  have  penetrated 
part  way  into  the  seed-coat.  From  wliat  I  knew  of  the  ])roi;erties  of 
cleaning  fluid,  1  liad  no  idea  tliat  any  seeds  were  so  resistant  to  its 
action.  For  instance,  Lupine  immersed  in  it  for  five  hours  and  fifteen 
minutes  still  gave  52'/f  of  good  seedlings.  Up  to  about  two  hours  im- 
mersion Lupines  gave  in  i)ractically  every  case,  about  100%,  of  good 
seedlings.  Peas  were  also  more  resistant  than  was  expected.  After  six 
minutes  exposure,  88%  of  good  seedlings  were  obtained;  and  after  forty- 
five  minutes  immersion,  the  yield  was  still  70%  .  Wheat  was  found  to  be 
rather  sensitive  to  the  action  of  cleaning  fluid.  After  seven  minutes 
exposure  it  yielded  only  28%  of  good  seedlings.  Corn  was  found  to  be 
more  resistant  than  Wheat  but  not  so  resistant  as  Lupines  or  Peas.  After 
seventeen  minutes  exposure,  88%  of  good  seedlings  of  Corn  were  ob- 
tained; but  from  there  on  the  percentage  of  germination  fell  rapidly. 
Thus,  after  twenty  minutes  exposure,  only  IGOr  of  good  seedlings  were 
obtained  and,  after  twenty-five  minutes  exposure  only  4%.  Mustard 
was  slightly  more  resistant  than  Wheat.  After  a  ten  minutes  exposure, 
56%    of  good  seedlings  were  obtained. 

The  second  disinfectant  em})loyed  was  mercuric  chloride.  To  prevent 
the  adhesion  or  air-bubbles  to  the  seeds,  or  a  thin  layer  of  air,  the  seeds 
were  first  dipped  in  70%  alcohol,  then  thoroughly  rinsed  in 
water  to  remove  the  alcohol  and  finally  placed  in  the  mercuric 
chloride.  The  concentration  of  mercuric  chloride  employed  varied  from 
one  gram  of  mercuric  chloride  in  one  thousand  cc.  of  water  to  one  gram 
in  fifteen  cc.  of  water.  When  Lupines  were  immersed  in  a  one  to  two 
hundred  and  fifty  solution  for  fifty  minutes,  100%  of  good  seedlings 
were  still  obtained.  Beyond  that  concentration  and  length  of  immer- 
sion the  percentage  steadily  decreased,  until,  at  a  concentration  of  one 
to  fifteen  for  one  hour  and  fifteen  minutes  it  had  dropped  to  52%. 
For  Peas  a  one  to  five  hundred  solution  only  was  used.  The  yield  of 
good  seedlings,  after  a  thirty  minute  immersion  was  SS%  ;  and  after  a 
fifty  minute  immersion  it  was  04%.  Wheat  was  found  to  be  much 
more  sensitive  to  mercuric  chloride  than  either  Lupines  or  Peas.  After 
a  thirty-minute  immersion  in  a  one  to  five-hundred  solution,  only  52% 
of  good  seedlings  were  obtained ;  while  after  an  immersion  of  ten  min- 
utes, the  yield  was  92%  .  Corn  was  found  to  be  more  resistant  to  the 
action  of  mercuric  chloride  than  Wheat.  After  an  immersion  of  thirty 
minutes  in  a  one  to  five-hundred  solution,  the  yield  of  good  seedlings 
was  68%  ;  but,  in  a  one  to  two-hundred  and  fifty  solution,  after  the 
same  length  of  time,  the  yield  was  only  20%.  Miistanl,  after  an  im- 
mersion of  ten  minutes,  in  a  one  to  one  thousand  solution  yielded 
76%  of  good  seedlings.  When  the  concentration  was  increased  to  one 
to  five  hundred  and  the  time  to  thirty  minutes,  the  percentage  dropped 
to  eight.  Before  planting  in  the  germinator,  the  seeds  were  thoroughly 
washed  in  several  changes  of  water  for  about  an  hour. 

The  third  disinfectant  employed  was  potassium  dichromate.  The  con- 
centrations employed  varied  from  N  /  2  to  N  /  1000 ;  and  the  length  of 
immersion  varied  from  fifteen  minutes  to  an  hour.  As  in  the  case  of  the 
other  disinfectants,  the  yield  of  Lupine  was  relatively  high,  since  the 
yield  was  still  84%  after  an  immersion  of  one  hour  in  an  N/2  solu- 
tion. The  highest  concentration  found  practicable,  in  the  case  of  Peas 
11 


82  TWELFTH   REPORT. 

was  N  /  50.  After  being  immersed  in  this  for  an  hour,  the  yield  was 
72%.  The  same  concentration  could  be  used  for  Wheat.  After  a  twenty 
minute  immersion,  the  yield  was  88%.  The  concentration  most  useful 
in  the  case  of  Cofti  was  found  to  be  X  /  10.  The  yield  after  an  immer- 
sion of  one  hour,  was  still  56%.  N  /  25  was  better  adapted  to  Mustm'd 
than  anv  other  concentration.  After  a  twenty  minute  immersion,  the 
yield  of  good  seedlings  was  88%. 

The  last  disinfectant  used  was  formaldehyde  gas.  Forty  per  cent 
formaldehyde  was  put  in  an  oi>en  vessel  placed  on  a  glass  plate,  on 
which  the  seeds  were  also  placed.  The  whole  was  then  covered  with  a 
bell-jar.  the  edge  of  which,  where  it  came  in  contact  with  the  glass  plate, 
was  given  a  coat  of  vaseline  so  as  to- make  tlie  chamber  air-tight.  Both 
dry  seeds  and  seeds  soaked  for  five  minutes  in  water  were  used.  The 
dry  seeds  of  Lupine  had  to  be  exposed  for  an  hour  and  forty-five  min- 
utes before  the  germination  percentage  dropped;  and  then  it  had 
dropped  only  to  ninety-six.  When  the  soaked  seeds  had  been 
exposed  for  forty-five  minutes,  the  germination  percentage  dropped 
to  ninety-tAvo.  Beyond  these  period*;,  the  vitality  of  the  seeds 
steadily  decreased,  that  of  the  soaked  seeds  becoming  zero  after  seven 
hours,  while  the  drv  seeds  retained  their  vitalitv  an  hour  or  two  longer. 
The  relative  effect  of  the  gas  on  dry  and  wet  seeds  is  clearly  brought 
out  in  the  case  of  Pea.  Dry  seeds,  exposed  for  fifteen  minutes  yielded 
64%  of  good  seedlings;  while  the  soaked  seeds  yielded  only  28%.  To 
obtain  a  yield  of  64%  in  the  case  of  the  wet  seeds,  they  could  be  ex- 
posed for  two  minutes  only.  After  a  twenty-five  minute  exposure  of 
the  wet  seeds,  only  16%  of  good  seedlings  were  obtained;  while  the  dry 
seeds,  exposed  for  an  hoiu',  still  yielded  36%.  Wheah'  was  found  to  be 
less  sensitive  to  formaldehyde  than  Peas.  After  an  exposure  of  fifteen 
minutes,  the  dry  seeds  yielded  92%  of  good  seedlings;  while  the  soaked 
seeds  still  yielded  527f-  A  ten-minute  exposure  of  the  wet 
seeds,  also  gave  92%.  The  dry  seeds  of  Corn  were  consideral)ly  more 
resistant  than  Wheat;  the  soaked  seeds  only  slightly  so.  Dry  seeds,  ex- 
posed for  an  hour,  yielded  80%  of  good  seedlings,  while  wet  seeds,  ex- 
posed for  thirty  minutes,  yielded  only  36%.  The  dry  seeds  of  Mustard 
could  be  exposed  three  times  as  long  as  the  soaked  seeds,  and  they 
still  showed  an  equal  vitality.  Thus  dry  seeds  exposed  for  forty-five 
minutes,  and  soaked  seeds,  exposed  for  fifteen  minutes,  both  yielded 
40%  of  good  seedlings.  Dry  seeds,  exposed  for  thirty  minutes,  yielded 
68%  ;  while  wet  seeds,  exijosed  for  the  same  length  of  time,  vielded 
only  24%. 

In  the  first  column  of  Table  I  are  given  the  names  of  the  seeds;  in 
the  second  column  the  disinfectants;  in  the  third  column,  tlie  concen- 
trations best  suited  for  the  different  kinds  of  seeds;  in  the  fourth  col- 
umn, the  length  of  immei^ion  of  the  seeds  in  the  disinfectants  which 
would  still  give  a  fair  percentage  of  good  seedlings;  in  the  fifth  column 
the  germination  percentage  and  in  the  sixth  column  are  given  the  results, 
as  tested  with  the  apparatus  (see  plate),  of  the  action  of  the  different 
disinfectants  on  the  fungi  and  bacteria  on  the  seeds.  As  can  be  seen  by 
running  over  this  column,  only  five  lots  out  of  twenty-five  were  found  to 
be  sterile,  each  lot  being  treated  differently. 
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TABLE  I. 


Seed. 

Disinfectant. 

Concentration. 

Time. 

Per 
cent 
good 
seed- 
lings. 

Result. 

Lupine 

Pea 

Wheat 

Corn 

Mustard. .  . . 

Lupine 

Pea 

Cleaning  fluid 

Cleaning  fluid 

Cleaning  fluid 

Cleaning  fluid 

Cleaning  fluid 

Mercuric  Chloride.. 
Mercuric  Chloride.. 
Mercuric  Chloride.. 
Mercuric  Chloride.. 
Mercuric  Chloride.. 
Pot.  Dichromate... 

Pot.  Dichromate.. . 

Pot.  Dichromate... 
Pot.  Dichromate... 

Pot.  Dichromate.. . 

(Seeds  dry. 

Formaldehyde  gas. 
Formaldehyde  gas. 
Formaldehyde  gas. 
Formaldehyde  gas. 
Formaldehyde  gas. 

Seeds  Wet. 

Formaldehyde  gas. 
Formaldehyde  gas. 
Formaldehyde  gas. 
Formaldehyde  gas . 
Formaldehyde  gas. 

Full  strength 

Full  strength.'.  .  .  . 

Full  strength 

Full  strength 

Full  strength 

1-15    

3  hours,  45  min. . . 
10  minutes 

3  minutes 

15  minutes 

8  minutes 

1   hour 

68 
68 
76 
76 
72 
72 
72 
80 
68 
76 
84 

80 

88 
72 

96 

72 
64 
72 
64 
68 

72 
72 
92 
50 
80 

Sterile. 

2  Sp.  Fungi. 

1  Sp.  Fungi. 

1  Sp.  Fungi. 

Sterile. 

Sterile. 

1-500 

30  minutes 

15  minutes 

20  minutes 

10  minutes 

1  hour 

Bacteria. 

Wheat 

1-500 

Sterile. 

Corn 

1-500 

Sterile. 

1-1000 

Bacteria. 

Lupine 

Pea     . .    . 

N/2             

Bacteria. 

N/50         

30  minutes 

20  minutes 

30  minutes 

20  minutes 

4  hours 

/Bacteria; 
1 1  Sp.  Fungi. 
1  Sp.  Fungi. 

Wheat    .... 

N/50 

Corn 

N/10 

1  Sp.  Fungi. 

Mustard. . . . 

N/25 ' 

/Bacteria; 
1 1  Sp.  Fungi. 

1  Sp.  Fungi. 

Lupine 

Pea 

Wheat 

Corn 

Mustard.. . . 

Lupine 

Pea 

Wheat 

Corn 

Mustard..  .  . 

40  %  formalin 

40  %  formalin 

40%  formalin 

40%  formalin 

40%  formalin 

40%  formalin 

40  7c  formalin 

40%  formalin 

40  %  formalin 

40  %  formalin 

15  minutes 

30  minutes 

30  minutes 

30  minutes 

2  hours    

Bacteria. 
Bacteria. 
1  Sp.  Fungi. 
Bacteria. 

Bacteria. 

1  minute 

10  minutes 

15  minutes 

5  minutes 

Bacteria. 
Bacteria. 
1  Fungus. 
Bacteria. 

I  was  not  at  all  certain  that  the  five  lots,  which  showed  no  contamina- 
tion in  the  foregoing  experiments,  would  show  the  same  results  again, 
if  treated  in  a  similar  manner.  For  this  purpose  three  lots  of  each 
were  set  up  and  allowed  to  incubate.  The  results  are  given  in  Table  II. 
.Three  of  the  five  failed  to  show  up  sterile  three  times  in  succession, 
while  two  did.  That  means  that  apparently  only  two  lots  out  of  the 
original  twenty-five  could  be  depended  upon  as  being  sterile  when  treated 
according  to  Table  I.  Of  these  two  lots,  one  was  Lupine  and  the  other 
was  Mustard. 

TABLE  II. 


Seed. 

Disinfectant. 

Concentration. 

Time. 

First  lot. 

Second  lot . 

Third  lot. 

Lupine .  .  . 
Mustard .  . 
Lupine .  . . 

Cleaning  fluid  .  . .,.  . 
Cleaning  fluid .'.... 
Mercuric  Chloride. . 
Mercuric  Chloride. . 
Mercuric  Chloride. . 

Full  strength.. 
Full  strength.. 
1-15    

3  hours,  45  min.. 

8  minutes 

1  hour 

15  minutes 

20  minutes 

Sterile.... 

Sterile 

Sterile. . . . 
Sterile. . . . 
Sterile. . . . 

Sterile 

Sterile.... 
Bacteria. . 
Bacteria.. 
Sterile 

Sterile. 
Sterile. 
Bacteria. 

Wheat .... 
Corn 

1-500 

1-500 

Sterile. 
Fungus. 

Since  the  decisive  failure  to  obtain  sterile  seeds,  shown  in  Tables  I 
and  II,  might  reasonably  be  expected  to  make  the  technique  appear  open 
to  criticism,  to  say  the  least,  it  was  thought  advisable  to  set  up  a  set 
of  control  cultures  by  means  of  the  apparatus.  After  the  apparatus  had 
been  sterilized  in  the  autoclave,  it  was  attached  to  the  aspirator  and 
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air  was  drawn  through  the  filter  plugs  for  at  least  five  luiuiites  to  test 
them  and  at  the  same  time  test  the  rubber  connections.  No  seeds  or 
disinfectant  were  placed  in  U.  Water  was  then  drawn  from  ttask  A 
into  flask  D,  shaken  np,  and  again  drawn  oft'.  This  was  done  several 
times,  just  as  when  there  were  seeds  in  flask  ]).  Flask  D  was  then 
taken  out  and  set  aside  to  incubate,  as  in  the  experimental  cases.  The 
idea  was  to  test  the  apparatus  by  using  it  as  nearly  as  possible  in  the 
same  way  as  when  seeds  and  disinfectants  were  present.  As  a  matter 
of  fact,  I  took  less  pains  in  the  control  experiments  to  see  that  the 
joints  were  perfectly  tight  tlian  I  did  when  I  tested  seeds.  The  fact 
that  flask  I)  was  not  opened  during  these  control  experiments  cannot 
be  held  as  an  objection,  since  any  chance  contamination,  wheii  tlie  seeds 
were  placed  in  tlask  D,  is  reached  by  shaking  up  the  disinfectant  so  as 
to  thoroughly  reach  every  part  that  might  have  become  contaminated. 
If  the  chance  spores  Avere  able  to  survive  that,  thou  it  is  manifestly  im- 
possible to  kill  those  on  the  seeds,  and  the  point  is  proven  either  way. 
The  onl}'  place  the  disinfectant,  when  the  seeds  ar*  treated,  does  not 
reach  is  the  inside  of  the  small  glass  tube  connecting  B  and  D.  It  was 
sterile  when  D  was  opened  to  admit  the  seeds  and  disinfectant  and  dur- 
ing the  brief  jx'riod  of  time  that  D  remained  open  the  mouth  of  the 
tube  was  directed  downward,  so  no  spores  could  drop  in  and 
none  could  be  drawn  in,  since  there  was  no  draft  into  it. 
Besides,  if  any  contamination  could  come  from  this  source,  in  the  case 
of  the  seeds,  it  would  have  a^ipeared  in  the  control  as  well.  Yet  none  of 
the  controls  showed  any  contamination.  The  conclusion  seems  irre- 
sistible that  the  contamination  must  have  come  from  the  seeds.  It  was 
thought  that  twenty  controls  were  an  ample  number. 

The  foregoing  work  lias  convinced  me  that  the  results  of  formerly 
published  work  are  open  to  criticism  in  at  least  two  res})ects:  No  ade- 
quate proof  is  given  that  the  seeds  are  really  free  from  contaminating 
organisms  and  no  means  are  employed  to  so  thoroughly  remove  the  dis- 
infectant that  it  could  no  longer  act  as  a  antiseptic.  In  view  of  the 
foregoing  results,  we  are  forced  to  conclude  that  the  majority  ot  cases  of 
so-called  disinfection  were  merely  cases  of  antisepsis. 

To  antisepsis,  and  not  to  disinfection,  we  must  probably  look  for 
practical  results.  It  makes  no  difference  in  physiological  experimenta- 
tion whether  a  few  dormant  organisms  cling  to  the  seedling  or  not. 
what  does  the  harm  is  their  active  gTowth  and  multiplication.  Absolute 
disinfection,  which  seems  out  of  the  question  at  present,  is  not  essential. 

E.  Lansing,  April,  1910. 
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COMPARISON  OF  WARM  vs.  COLD  HOUSES  AS  REGARDS  EGG 

PRODUCTION. 

II.   L.    KEMPSTER. 

It  was  generally  supposed  that  a  poultry  house  should  be  warm,  and 
houses  were  constructed  double-walled  to  keep  the  birds  comfortable. 
Whether  this  was  necessary  has  been  one  of  the  problems  we  haye 
endeavored  to  determine.  ^N'ith  this  idea  in  mind,  three  experimental 
houses  were  built,  14x24,  large  enough  to  accommodate  70  laying  hens. 
No.  1  was  double- walled,  having  a  four  inch  air  space  in  walls  and 
ceiled  above.  No.  2  was  double-walled  on  the  north  side,  and  east  end. 
No.  3  was  single  boarded.  For  two  years  comparison  records  were  kept. 
During  the  first  year,  November  to  April : 

1 2,850  eggs. 

2 3,128      " 

3 3.022      " 

This  shows  a  production  of  172  eggs  in  3  over  No.  1,  and  also  a  pro- 
duction of  278  more  eggs  in  2  than  in  1.  It  also  shows  a  production  of 
106  more  eggs  in  2  than  in  3. 

The  second  year,  December  to  March : 

1 2.540  eggs. 

2 2,379      - 

3 2,334      " 

This  shows  a  production  of  206  more  eggs  in  1  than  in  3  and  also 
a  ju'oduction  of  45  more  eggs  in  2  than  in  3.  It  also  shows  a  produc- 
tion of  161  more  eggs  in  1  than  in  2. 

For  the  two  years : 

1 . 5,300  eggs. 

2 5.507      '' 

3 5,356      " 

The  stock  kejit  was  White  Leghorn.  70  in  each  pen,  and  care  w^as  exer- 
cised so  that  the  quality  was  the  same  in  each  house.  As  a  result  of 
the  tAvo  years  test.  No.  2,  or  the  house  double-walled  on  two  sides,  showed 
a  production  of  151  eggs  over  No.  3  which  was  single  walled,  and  also, 
117  over  No.  1  which  was  double-walled.  No.  1  produced  only  34  eggs 
more  than  No.  3.  There  is  not  enough  difference  in  the  three  houses  to 
permit  the  justification  of  a  double-walled  house.  Beyond  the  supply 
of  comfort  to  the  birds,  additional  expense  in  the  way  of  double  walls 
is  unnecessary.  A  poultry  house  should  be  dry,  free  from  drafts,  and 
well  lighted,  and  ventilated.  When  we  have  secured  those  conditions, 
other  factors  must  be  taken  into  consideration  when  it  comes  to  egg 
production. 

E.  Lansing,  Mich.,  April  1910. 
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PLANT  EXCRETION. 

J.    B.    DANDENO. 

By  exci^tion  is  meant  the  process  involved  in  the  setting  aside  of 
useless  or  harmful  products,  either  within  or  without  the  cells  of  the 
tissue  concerned.  In  a  general  way,  the  excretory  products  of  plants 
are  found  in  one  or  more  of  the  following  places:  (1)  in  intercellular 
spaces,  (2)  in  vacuoles  of  cells,  {3}  in  cells  from  which  all  other  content 
has  been  withdrawn,  (4)  on  the  outside  entirely  of  the  plant,  (5)  in 
glands.  Excretory  products  may  occur  (1)  as  liquid  in  glands  or  in  the 
vacuoles  of  cells,  (2)  as  solids  (crystals),  (3)  as  gases  set  free  from 
the  walls  of  the  cells  of  living  tissues. 

The  metabolism  of  plants  is  so  complicated  and  so  variable  that  a 
great  variety  of  forms  of  excretory  products  is  to  be  expected,  depending 
on  the  character  of  the  plant,  and  upon  the  external  and  internal  condi- 
tions. The  character  of  the  plant  is  the  chief  factor  in  deciding  as  to 
what  the  substance  of  the  excretion  may  be.  The  external  conditions 
have  to  do  more  particularly  with  the  location  of  the  excretory  sub- 
stance. 

The  matter  of  excretion  in  short-lived  plants  like  Spirogyra,  Pleu- 
rococcus,  etc.,  is  exceedingly  simple,  the  product  being  attracted  from  the 
vacuole  by  the  surrounding  water,  if  the  vacuole  itself  is  insufficient  to 
contain  it.  In  tJie  case  of  long-lived  plants,  such  as  trees,  the  process 
becomes  much  more  complicated,  and  at  the  same  time  a  nmtter  of  more 
importance.  But  the  tree  has  several  means,  in  a  general  way,  by  which 
the  process  of  excretion  is  carried  on.  These  are  the  dead  cells,  corky 
bark,  leaves  (which  are  only  temporary  structures  and  consequently  are 
lost  sooner  or  later  carrying  with  them  the  excretion),  mycorrhiza  which 
feed  upon  the  excretions  made  by  rootlets  of  long  lived  trees  and  shrubs, 
glandular  structures  and  surfaces. 

The  functions  of  excretions  if  they  have  any,  must  be  more  or  less 
indirect,  as  for  exam])le,  in  the  cases  of  poisonous  or  malodorous  sub- 
stances which  upon  occasion  serve  the  purpose  of  protection  against 
certain  enemies.  Resin,  which  is  thought  to  be  an  excretion,  may  prove 
of  advantage  to  the  plant  upon  the  occasion  of  mechanical  injury-,  acting 
as  an  antiseptic  to  the  wound. 

Several  other  substances  which  are  claimed  to  be  absolutely  essential 
to  the  plant  are  supposed  by  some  to  be  primarily  excretory.  Take  for 
instance,  the  cellulose  cell  wall.  Some  very  low  fonus  of  plant  life  ai*e 
devoid  of  a  cellulose  wall,  and  it  does  no  violence  to  our  ideas  of  the 
cell  to  su]>pose  that  cellulose  being  no  longer  of  use  in  the  metabolism 
of  the  protoplast  was  deposited  laterally  and  externally  as  a  wall,  this 
wall  proving  at  the  same  time  to  be  useful  in  protecting  the  cell  against 
several  injurious  conditions,  e.  g.  loss  of  water.  This  is  probably  an 
extreme  view,  but  it  illustrates  the  point.  If  the  cell  wall  be  an  excretory 
product,  this  is  a  case  where  the  excretion  becomes  not  only  important 
but  of  essential  importance. 


MICHIGAN   ACADEMY   OF   SCIENCE.  87 

One  of  the  most  common  excretory  products  found  in  higher  plants 
is  calcium  oxalate,  which  assumes  quite  a  variety  of  crystalline  forms 
varying  from  the  needle-shai>ed  bodies  known  as  raphides,  to  the  large 
star-j)ointed  bodies  found  in  cactus  stems.  Calcium  oxalate  cnstals  are 
located  in  various  places  in  the  plant,  most  freciuently,  in  empty  cells 
of  the  cortex  or  in  the  neighborhood  of  vascular  bundles  in  leaves.  Some 
of  the  largest  are  found  in  intercellular  spaces  as  for  example  in 
gladiolus  bulbs  where  they  develop  so  large  as  to  be  seen  with  the  un- 
aided  eye. 

Calcium  carbonate  occurs  occasionally  in  plant  cells  but  is  found 
most  frefiuently  on  the  epidermal  structures  in  the  neighborhood  of 
water-pores.  It  is  often  so  abundant  as  to  cover  a  very  considerable 
area  of  the  leaf  surface  around  the  pore.  Calcium  sulphate  is  also  oc- 
casionally found  in  crystalline  form  and  often  associated  with  calcium 
carbonate.  Many  of  the  drug  products  on  the  market  are  without  any 
doubt  products  of  excretion  by  the  plant,  but  it  is  not  the  intention  here 
to  go  into  this  matter  further  than  to  mention  rhe  facts  as  they  bear 
upon  the  discussion  of  the  forms  of  excretion  in  roots  and  leaves.  It  is 
these  forms  of  excretion  to  which  special  attention  has  been  given  and 
concerning  which   data  has  been   collected  for  this   paper. 

Excretion  from  roots:  The  present  view  as  to  the  nature  of  the  sub- 
stances excreted  by  roots  may  be  expressed  in  the  following  quotation:^ 
^'The  principal  substances  diffusing  from  roots  are  mainly  COo  passing 
out  as  H2CO3,  phosphoric,  hydrochloric,  sulphuric  and  formic  acids  and 
their  salts,  preeminently  substances  which  would  aid  the  plant  to  ob- 
tain needed  food  materials  from  the  soil."" 

It  has  long  been  known,  and  it  is  easil}'  proved,  that  CO.  is  liberated 
from  roots  in  the  processes  of  growth  and  of  vital  activity,  but  so  far 
as  I  am  aware,  no  one  has  ever  proved  definitely,  or  claimed  to  have 
proved,  that  organic  matter  like  glucose,  or  saccharose  is  excreted  by 
plant  roots.  Carbon  dioxide  is  a  natural  product  of  aerobic  respiration 
and  consequently  it  is  easy  to  see  that  COo  would  be  liberated  from 
actively  growing  roots,  and  that  in  very  considerable  quantity.  But 
it  is  somewhat  surprising  to  find  glucose  and  similar  substances  ex- 
creted. To  prove  this  is  not  difficult.  Young  seedlings  when  grown  in 
distilled  water  or  upon  moist  filter  paper  give  out  comparatively  large 
quantities  of  such  substances,  which  soon  become  infested  by  aquatic 
or  other  fungi  and  by  enormous  numbers  of  bacteria.  Intermingled  with 
this  glucose  material  are  the  waste  cells  of  the  root  cap  which,  no  doubt, 
contribute  to  the  quantity  or  bulk  of  the  excretion  but  which  can  be 
seen  as  distinct  from  it. 

When  the  mass  of  material  is  heated,  it  gives  off  the  odor  of  burning 
sugar  and  later  turns  brown  and  black.  If  heating  is  carried  on  further, 
then  the  mass  is  burned  down  to  ash,  which  proves  to  be  composed  of 
patassum  and  calcium,  mainly,  but  may  also  contain  other  metals.  This 
syrupy  mass  adhering  to  the  root  tip  gives  a  distinct  alkaline  reaction 
to  litmus  test  paper.  It  might  be  said  in  this  connection,  that  litmus 
paper  usually  becomes  very  distinctly  red,  when  lying  around  the  labora- 
tory for  a  long  time  and  such  paper  should  be  held  over  an  ammonia 
bottle  until  it  is  nearly  neutral.     Paper  so  treated  shows  a  very  quick 

^Plant   Physiology,   Pelrce,   p.    126. 
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and  positive  alkaline  reaction.  Now  it  is  not  easy  to  see  how  such  ex- 
cretion could  contain  hydrochloric,  sulphuric,  formic  acid,  etc.  It  may 
be,  however,  that  some  of  these  substances  develop  as  result  of  bac- 
terial decomposition  in  connection  with  the  soil  but  in  the  case  of  a 
medium  of  distilled  water,  and  of  a  duration  of  18  to  24  hours,  there 
is  very  little  chance  for  extensive  bacterial   action. 

The  root  excretion  is  so  constant  in  occurrence  and  reaction  with 
seedlings  that  the  conclusion  seems  warranted  that  such  excretion  is  a 
normal  function  of  roots  of  seedlings  possessing  a  supply  of  stored 
food.  Whether  this  function  is  general  with  rootlets  of  plants  past 
the  seedling  stage,  we  are  not  yet  prepared  to  say.  Further  investiga- 
tion is  needed.  At  all  events,  so  far  as  we  have  gone,  it  seems  to  be 
true  of  plants  well  advanced  in  gTOwth.  but  the  amount  of  excretion  is 
much  less.  This  is  especially  so  Avith  respect  to  the  organic  portion  of 
the  excretion. 

How  such  a  function  can  be  of  advantage  to  a  plant  is  not  easy  to  see, 
nor  is  it  easy  to  see  how  it  can  result  otherwise  than  as  a  distinct  loss 
of  what  appears  to  be  organized  plant  food.  And  yet.  in  looking  closely 
into  the  matter,  we  are  led  to  the  conclusion  that  such  is  inevitable 
especially  in  seedlings.  The  seedling  has  as  yet  no  excretory  tissue, 
no  dead  cells  in  which  to  store  up  excretion,  and  excretionrs  are  a  nec- 
essary result  of  the  metabolism  involved  in  groAvth.  The  root  tip,  in- 
cludiiiig  about  ten  or  fifteen  mm.  from  the  end,  is  actively  growing. 
Highly  organized  material  is  being  reduced  and  unless  it  be  on  the  out- 
side of  the  plant  there  is  no  place  for  excretions.  Since  the  conducting 
tissues  are  not  yet  developed,  the  excretions  are  necessarily  found  near 
the  place  of  active  growth.  Consequently  it  is  not  surprising  after  all, 
to  find  organic  matter  located  as  excretion  substance  near  the  root  tip 
— the  region  of  most  active  growth. 

The  excretion  soon  becomes  attacked  by  fungi  and  bacteria  which 
further  reduce  it,  so  that  it  becomes  slightly  acid,  due  partly  to  the 
presence  of  carbon  dioxide.  The  mycorrhiza  fungi  gain  their  start  upon 
the  host  plant  here,  and  to  such  plants  as  are  symbiouts  with  mycorrhiza, 
there  is  no  doubt  that  the  excretion  serves  a  purpose  by  furnishing  a 
nutrient  medium  suitable  to  the  rapid  development  of  fungus  hyphae. 
Such  fungus  hyphae  finding  a  supply  of  nutritive  material  in  solutiou 
in  connection  with  the  loose  cells  near  the  root  cap  penetrate  into  such 
loose  tissue  and  remain  attached  to  or  embedded  in  the  rootlet.  Later 
on  the  hyphae  of  the  fungus  absorb  water  and  unorganized  substances 
in  solution  from  the  soil  and  transfer  it  to  the  host. 

Actively  growing  fungi  excrete  substances  Avhich  may  react  upon  the 
soil  particles,  setting  free  or  bringing  into  solution  useful  inorganic 
matter.  Bacteria  often  serve  a  similar  function  and  bacteria  are  often, 
if  not  always,  found  in  the  root  excreta  after  a  day  or  two.  Excretions 
of  bacteria' often  react  upon  the  soil  and  in  fact,  these  organisms  are 
perhaps  the  most  important  agents  in  rendering  unorganized  soil  ma- 
terial into  a  soluble  form  which  may  then  be  available  to  plants. 

Now,  the  root  hairs  of  plants  are  located  a  short  distance,  a  few 
centimeters,  from  the  root  tip.  and  as  the  root  makes  its  way  through 
the  soil,  the  root  hairs  follow  after  the  tip  and  would  therefore  be  in 
a  position  to  profit  to  the  best  advantage  by  any  material  made  available 
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by  fungus  hypluie  or  bacteria  Avhich  had  begun  to  use  the  substance  ex- 
creted at  or  near  the  tip.  We  can  therefore,  see  how,  what  seems  to  be 
a  waste  substance,  may  prove  of  great  advantage  to  a  phint,  and  that 
at  a  time  of  life  when  great  demands  are  soon  to  be  made  upon  nutrient 
soil  solutions. 

Excretions  from  leaves:  During  times  of  high  activity  in  plants,  ex- 
cretions occur  upon  leaves  as  a  result  of  checked  transpiration  ac- 
companied by  normal  absorption.  During  the  day  time,  iu  land  plants 
provided  with  stomata  a  great  deal  of  Avater  is  transpired  in  the  form 
of  water  vajior.  During  the  night  root  activity  is  as  great  as  in  the  day 
time  and  trans])irati()n  is  reduced.  The  plant  is  provided  with  a 
mechanism  to  relieve  the  pressure  by  excreting  liquid  matter.  The  chief 
part  of  this  mechanism  is  the  water-pore,  the  morphological  equivalent 
of  the  stomate,  though  not  its  jihysiological  equivalent.  Stomates  are 
essentially  organs  concerned  with  transfer  of  gases.  Water-pores  are 
concerned  with  the  transfer  of  water  (or  solutions).  A  water-pore  is 
therefore,  a  sort  of  safety  value  and  is  vein-  common  among  higher 
l)lants. 

Solutions  exuding  from  water-pores  are  found  to  contain  organic  and 
inorganic  matter.  If  these  drops  of  solution  fall  to  the  ground,  as  they 
sometimes  do,  the  plant  loses  substance  to  the  soil.  If  conditions  be  fav- 
orable, much  of  this  material  may  be  resorbed  through  the  water-pores 
and  taken  in  again  into  the  cells  of  the  neighboring  tissues.  If  the  exter- 
nal air  be  dry  it  will  cause  a  rapid  evaporation  of  the  drops  of  excretion 
substance,  and  an  incrustation  will  be  formed  in  the  region  in  the  neigh- 
borhood of  the  water-poi'e.  8ucli  incrustations  may  be  seen  on  wheat, 
oats,  barley  and  the  like,  on  the  tips  of  the  leaves.  In  broad  leafed  plants, 
they  are  found,  on  the  margin  near  the  ends  of  the  veins  of  the  leaves.  In 
most  cases  these  incrustations  are  very  soluble  in  water  and  are  soon 
washed  off,  but  in  some  of  the  xerophytic  plants,  where  lime  is  abundant, 
the  incrustations  are  somewhat  permanent.  This  is  notably  the  case  with 
certain  saxifrages. 

Whether  the  function  of  excretion  from  leaves  is  of  advantage  to  the 
plant  has  not  yet  been  proved,  but  it  is  thought  that,  in  view  of  the 
common  occurrence,  it  is  likely  to  be  of  some  advantage.  At  all  events, 
where  the  excreted  liquid  matter  is  washed  down  to  the  soil,  it  is  likely 
to  affect  that  soil  to  a  certain  extent.  A  study  of  soil  fertility  must, 
therefore,  include  a  consideration  of  leaf  excreta. 

Leaf  excretions  bear  an  important  relation  to  the  effect  of  fungicides 
such  as  Bordeaux.  They  react  upon  Bordeaux  rendering  some  of  the 
copper  soluble  and  thus  making  the  Bordeatix  more  toxic,  often  so  much 
so  as  to  kill  the  leaves  in  the  neighborhood  of  the  watei'pores,  which 
are  situated  at  the  margin  of  the  leaf. 

But  the  water-pores  are  not  the  only  means  of  excretion  in  leaves. 
Excretion  may  occur  through  the  epidermal  cells  of  leaves  having  little 
or  no  cutin.  This  can  be  proved  by  applying  distilled  water  to  the  sur- 
face. In  nature,  rain  water  extracts  substances  through  the  surface. 
This  is  concerned  also  with  the  application  of  fungicides  or  insecticides. 
what  is  insoluble  in  the  spray  liquid  may  become  soluble  through  the 
reaction  of  the  liquid  drawn  from  the  cells  of  the  leaf. 

The  explanation  of  the  process  of  excretion  involves  the  process  of 
12 
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attractions  of  solute  and  solution,  whether  it  be  in  connection  with 
root  or  with  leaf.  An  understanding  of  the  mechanism  of  the  plant  cell 
and  of  the  relations  existing  between  solute  and  solutions  is  necessary 
to  an  appreciation  of  the  situation.  The  older  theories  of  osmosis  are 
inadequate  to  the  exi)lanation  of  these  phenomena  as  well  as  to  those 
relating  to  the  production  of  nectaries. 

The  importance  of  fungus  excretions  may  be  inferred  by  giving  a 
very  prominent  instance  to  illustrate  it:  Many  of  us  have  seen  the 
Fairy  Ring  mushroom  growing  in  lawns  or  pastures.  This  fungus  has 
a  peculiar  effect  upon  the  growth  of  grass  associated  with  it.  At  this 
(sjtring)  time  of  the  year,  the  grass  on  the  lawn  is  likely  to  be  twice 
as  long  where  the  mushroom  mycelium  lies  than  it  is  elsewhere.  The 
color  of  the  grass  is  of  a  deeper  green  and  the  ring  becomes  larger 
(of  greater  diameter)  year  by  year.  A  study  of  the  matter  reveals  the 
fact  that  the  fungus  excreta  aids  very  materially  in  rendering  available 
the  inorganic  material — to  be  organized  later — into  plant  food.  This  as- 
sociation is  decidedly  favorable  to  the  grass. 

The  two  chief  conclusions  developed  out  of  the  discussion  here  given 
and  of  the  experiments  relative  to  it  are:  (1)  Roots  (of  seedlings  es- 
pecially) excrete  a  liquid  rich  in  orsanic  matter,  which  is  alkaline  in 
reaction  at  least  for  three  or  four  days  after  excretion.  (2)  Leaves 
excrete  (generally  in  the  form  of  dew)  both  organic  and  inorganic 
matter,  and  also,  to  a  certain  extent,  both  organic  and  inorganic  matters 
are  washed  out  of  leaves  by  rain. 

East  Lansing,  Mich.,  Apr.  20,  1010. 
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FURTHER    OBSERVATIOXlf^   ON   THE    LIFE    HISTORY   OF   FUC- 

.  CIXIA  MALVACEARUM. 

J,     B.     DAXDEXO. 

This  subject  was  worked  over  rather  thorouglily  by  us  some  years 
ago,  and  the  result  published  in  the  9th  Report  of  the  Michigan  Acad- 
emy of  Science,  1907,  but  further  observations  on  this  fungus  since  that 
time,  seem  to  us  to  warrant  a  brief  review  with  the  addition  of  such 
facts  as  have  developed  since  then. 

As  this  rust  has  but  one  so-called  stage — the  teleuto  stage — in  its 
life  cycle;  and  as  the  teleuto  spores  germinate  immediately  upon  reach- 
ing maturity,  the  question  of  the  wintering  over  has  been  one  feature 
most  prominently  of  interest.  It  is  with  regard  to  the  wintering  over, 
from  year  to  year,  that  further  observations  led  me  to  present  this 
brief  pai>er  before  the  Academy. 

This  rust  seems  to  be  distinctly  on  the  increase  in  our  locality,  but 
this  need  give  no  alarm  for  the  reason  that  the  plants  likely  to  be  in- 
fested l)y  the  fungus,  are  of  little  economic  importance.  In  fact,  if  we 
leave  out  of  consideration  the  ornamental  plant,  Hollyhock,  we  might 
say  of  no  economic  importance.  The  common  mallow  of  gjirdens  and 
waste  places  around  yards  and  buildings  is  generally  considered  some- 
thing of  a  noxious  weed,  and  this  is  the  plant  most  commonly  affected. 
The  rust,  however,  is  likely  to  infest  other  plants  of  the  mallow  family, 
particularly  the  following  genera  including:  ^lalva,  Althaea,  Malvas- 
trum,  Sidalcea,  Malope,  and  Abutilon.  The  following  genera,  though 
growing  side  by  side  in  the  Botanic  Garden  at  the  College,  were  free 
from  the  disease:    Anoda,  Hibiscus,  Xapaea  and  Sida. 

A  few  of  the  species  of  those  genera  mentioned  above  as  susceptible 
to  the  disease,  are  considered  of  value  as  ornamental  plants,  especially 
in  the  east,  consequently  the  rust  is  of  some  importance  from  the  econo- 
mic side,  and  it  would  seem  to  be  worth  while  to  make  some  effort  to- 
ward checking  it.     This  will  be  suggested  in  the  life  history  here  given. 

Life  Historjj:  The  spores  germinate  immediately,  i.  e.,  without  any 
period  of  rest,  producino-  a  promycelium  on  which  are  developed  a  few 
sporidia  (promycelial  spores).  This  takes  about  two  or  three  days.  The 
sporidia  also  germinate  as  soon  as  mature  and  send  out  an  infective 
mycelium  which,  under  suitable  conditions,  enters  a  stomate  of  the 
leaf,  petiole,  or  stem  of  the  host.  In  about  seven  or  eight  days  after 
infection,  a  new  sorus  appears,  and  in  about  ten  days  mature  teleuto 
spores  are  developed.  Consequently,  about  two  weeks  is  required  in 
artificial  infection  to  complete  the  life  cycle.  This  cycle  of  reinfection 
goes  on, — weather  conditions  being  favorable. — the  whole  growing  sea- 
son. And,  for  the  common  mallow,  Malva  rotundifolia,  this  is  from 
March'  to  December.  With  us  in  Michigan,  the  common  mallow  is  a 
perennial  and  the  fungus  winters  over  in  this  plant.  We  have  been 
able  to  find  this  rust  every  month  in  the  year,  around  old  buildings 
and  in  sheltered  places  on  the  south  side.     After  a  few  fine  sunny  days. 
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sori  develoj)  fi-oni  the  doi-inant  iiiyoeliTiin  in  the 'stems  and  petioles.  It 
winters  over  with  the  common  mallow,  and  if  the  eommoii  mallow  be 
eradicated,  it  is  our  opinion  that  the  disease  wonld  be  practically  under 
control. 

Some  authors  assert  that  the  teleuto  spores  winter  over  and  thus  carry 
the  disease  from  year  to  year.  This  is  clearly  not  the  case  here.  The 
teleuto  spores  germinate  as  soon  as  mature,  therefore  it  would  be  jiracti- 
cally  impossible  to  keep  them  dormant  during-  the  winter.  If  they  did 
germinate,  the  sporidia  would  at  once  die.  Moreover  the  first  appearance 
in  earliest  spring  is  on  the  stems  and  petioles,  the  youngest  leaves  being- 
free.  This  shows  that  the  infection  is  already  in  the  plant  remaining 
dormant  during  frost  and  developing  during  fine  weather. 

The  teleuto  spores  germinate  in  the  sorus, — producing  a  grayish  ap- 
pearance while  the  ungerminated  are  of  a  clear  amber-brown  color. 
The  Promycelium  grows  in  a  direction  parallel  with  that  of  the  i>edicil 
of  the  teleuto  spore,  so  that  they  project  out  in  all  directions  from  the 
sorus,  and  it  is  our  opinion  that  these  sporidia  are  the  means  of  in- 
fection, that  is  to  say,  they  and  not  the  teleuto  spores,  are  carried  from 
place  to  place.  This  may  be  inferred  from  the  fact  that  the  teleuto  si)ores 
germinate  "in  s/fw."  We  infer,  also,  that  infection  can  not  take  place 
at  very  great  distances,  because  the  sporidia  are  delicate  bodies  and  will 
not  stand  drv  air  for  anv  great  length  of  time.  This  feature  is  something 
which  in  itself  would  jirevent  wide  spread  infection.  It  does  spread,  no 
doubt,  but  slowly.  Seedling  mallows  out  in  garden  or  orchard  are  usu- 
ally not  atfected  at  all,  until  very  late  in  the  season.  The  rust  can 
always  be  found  where  the  mallow  grows  in  uncultivated  ground  peren- 
nially. 

To  combat  the  disease,  eradicate  all  the  old  mallows  in  the  fall. 

In  my  paper  before  this  Academy  in  1907,  it  was  stated  that  the 
fungus  wintered  over  in  the  mallow.  ^Ve  are  now  more  firmly  con- 
vinced than  ever  of  this.  In  this  connection  it  might  be  worth  while 
to  say  that  one  or  two  facts  were  brought  out  during  the  discussion  fol- 
lowing the  paper,  namely  that  the  rust  wintered  over  on  the  Hollyhocks 
around  Ann  Arbor,  and  that  in  the  neighborhood  of  St.  Louis,  Mo.,  it 
was  common  on  Hihisciis  while  Ahufilon  appeared  to  be  free  from  the 
rust.  The  writer  assumes  no  responsibility  for  these  statements,  al- 
though the  authority  is  doubtless  reliable. 

East   Lansing,   Mich.,   April   1010. 
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SODltM  SILICATE  AS  A  MOUNTIXG  MEDIUM. 

,J.    B.    DAXDEXO. 

For  the  past  five  years,  off  and  on.  we  liave  used  sodinni  silicate  as  a 
convenient  medium  for  mounting  fresli  specimens  of  various  Iviuds,  and, 
for  certain  purposes,  it  luis  i)roved  very  useful.  Sodium  silicate,  some- 
times called  soluble  glass,  has  been  used  as  a  cement  for  crockery  and 
glassware,  and  more  recently  also  as  a  jireservative  of  eggs, — the  sodium 
silicate  being  spread  over  the  surface  of  the  shell  as  a  glazing. 

As  a  medium  for  mounting  hi.>tological  preparations,  sodium  silicate 
was  suggested  to  us  by  I*rof.  Kedzie  a  few  years  ago  and  brought  to 
our  laboratory  by  a  former  student,  ]Mr,  Loew.  In  our  laboratory,  we 
often  run  across  accidentally,  sometimes  through  students,  sometimes 
in  our  own  work,  specimens  Avhich  show  certain  things  particularly  well, 
and  it  is  often  desirable  that  such  should  be  kept  permanently.  This 
occurs  more  frequently  in  investigating  fungi  or  fungous  diseases  of 
plants.  Glycerine  and  balsam  are  practically  the  only  permanent  mount- 
ing media  now  in  use,  and  glycerine  is  a  very  poor  affair,  because  it 
never  solidifies;  and  in  handling,  the  cover  glass  is  likely  to  be  moved 
and  very  frequently  the  specimen  destroyed.  Glycerine  mounts  can  hr 
kept  permanently  but  they  have  to  be  ringed  with  a  suitable  material, 
and  even  then,  a  cousideraljle  proportion  is  sure  to  be  destroyed.  With 
regard  to  balsam,  tlie  work  of  dehydration  and  preparation  is  so  long, 
that  a  specimen  would  be  almost  certainly  lost  in  the  process. 

It  is  here  where  sodium  silicate  comes  in,  as  it  mixes  perfectly  with 
water  and  hardens  in  a  day  or  two,  so  that,  if  one  happens  upon  a  few 
spores  of  this,  a  few  asci  of  that,  or  of  any  other  particularly  desirable 
structure,  he  can,  by  the  addition  of  a  drop  of  sodium  silicate,  preserve 
the  specimen  indefinitely.  This  substance  does  not  mix  well  with  glycer- 
ine or  alcohol  and  must  be  used  with  water.  It  can  be  put  on  the 
specimen  either  by  removing  the  cover  glass  and  placing  the  drop  in  the 
ordinary  way,  or  by  drawing  a  drop  under  the  cover.  The  former  is 
the  more  satisfactory  unless  there  is  danger  of  losing  the  specimen  in 
lifting  the  cover. 

Sodium  silicate  has  some  advantages  and  some  disadvantages  which 
shall  be  pointed  out : 

Advantages: — (1)  It  is  convenient,  always  ready,  and  makes  perma- 
nent specimens  directly  from  water.  (2)  Its  optical  qualities  render 
it  one  of  the  very  best  known,  as  its  index  of  refraction  is  nearly  the 
same  as  glass.  (3)  It  is  slightly  alkaline  in  reaction  and  does  not  shrink 
or  plasniolyze  fresh  material,  in  some  cases  preserving  even  the  color 

Disadvantages: — (1)  If  the  objective  of  the  microscope  becomes 
smeared  (accidentally  of  course)  with  it,  and  if  left  so  for  a  few  days, 
the  objective  is  s}>oiled,  as  the  silicate  unites  with  the  glass  of  the  ob- 
jective. If,  however,  it  be  cleaned  right  away,  and  especially  with  a  drop 
of  diluted  hydrochloric  acid,  no  harm  is  done.  (2)  It  tends  to  become 
whitish  around  the  edge  of  the  cover  in  a  few  years  and  looks  bad  and 
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ill  this  connection  it  should  be  said  tliat  air  bubbles  are  likely  to  develop 
here  aiid  there  under  the  cover  if  the  silicate  has  been  made  too  dilute 
by  the  water  already  ou  the  specimen  in  mounting,  (3)  Once  mounted 
and  hardened,  the  cover  and  slide  are  fixed  together  and  can  never  be 
cleaned  again,  (-f)  In  mounting  with  this  material,  air  bubbles  are 
more  likelv  to  be  mixed  in  than  is  the  case  with  either  balsam  or  givcerine- 

«.  c    t. 

It  is  not  the  intention  here  to  suggest  that  sodium  silicate  replace 
either  balsam,  glycerine  or  any  other  of  the  standard  substances,  but 
rather  to  introduce  it  as  a  useful  addition  to  our  mounting  equipment, 
•  for  fresh   or   undehydrated   specimens. 

Bast  Lansing,  Mich.,  April  1910. 
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THE  DIvSTRIBUTION  OF  MUSHROOMS  AT  NEGAUNEE,  MICHI- 
GAN. 

ROSE    M.    TAYLOR. 

During-  the  siiinmer  of  1009,  it  was  the  ]ilea&iire  of  the  writer  to  do 
some  work  collecting-  Mushrooms  iu  the  vicinity  of  Negaunee,  Michi- 
gan, under  the  direction  of  Dr.  C.  H.  KaufPman.  This  work  was  carried 
on  during  the  months  of  July  and  August.  It  rained  almost  continu 
o'usly  the  first  two  weeks  of  July  and  at  frequent  intervals  from  that 
time  on,  until  the  end  of  August.  Thus,  conditions  were  unusnally 
favorable  for  the  gTowtli  of  Fungi.  Altho  a  few  Ascomycetes  were  identi- 
fied, the  collecting-  was  confined  to  the  Hjanenomycetes  only. 

My  thanks  are  due  to  Dr.  E.  R.  Downing  of  the  Marquette  Northern 
Normal  for  the  generous  use  of  his  laboratory  and  the  Normal  library. 

After  making-  several  excursions  to  the  i>rincipal  woods  around  Ne- 
gaunee, three  definite  regions, — because  of  their  diversity  of  elevation, 
woods,  and  moisture, — were  selected  as  the  chief  collecting  gTounds. 
These  regions  may  be  designated  (1)  The  Iron  Clitf  Region,  {'2)  The 
Deer  Lake  Region,  and    (3)    Mud  Lake  Region. 

First,  the  Iron  Cliff'  Region,  which  lies  to  the  southwest  of  Negaunee 
and  about  a  mile  distant  from  the  city,  is  characterized  by  a  succession 
of  very  high  hills,  Avith  intervening  valleys  traversed  by  small  streams 
or  often  by  swampy  ravines.  These  hills  enclose  a  low  plain,  dotted 
with  a  chain  of  numerous  small  lakes  Avhich  are  fed  by  the  streams 
from  the  surrounding  region.  A  road  winds  in  and  out  among  the  hills 
and  covers  a  distance  of  about  six  miles.  The  slopes  are  densely 
clothed  with  a  virgin  forest  of  hardwoods,  suck  as,  Poplar,  Hard  Maple, 
W-hite  Birch,  Ash,  and  a  few  Oaks.  Here  and  there  are  a  few  clumjis 
of  conifers.  The  side  hills  and  ravines  are  strewn  with  moist  and  rotted 
logs.  During  moist  weather,  the  higher  ground  proved  the  better  col- 
lecting place  while  the  swamps  and  ravines  were  the  more  fruitful  in 
dry  weather. 

Both  Agaricaceae  and  Polyporaceae  are  common  to  this  region.  On 
the  higher  sIojjcs,  where  there  is  little  debris  and  the  woods  are  more 
open,  one  finds  different  species  of  Cantherellus,  Flammula,  Clytocybe, 
and  Entoloma.  Among  these  are  also  a  few  unreported  species  of  Nau- 
coria,  Nolanea,  and  Hypholoma.  Along  the  roadside  and  in  the  more 
open  ])laces  of  the  lower  slopes,  several  species  of  Coprinus  grow  in 
profusion.  Here  too,  Mycenae  and  a  few  species  of  Pleurotus  are  thick 
on  old  logs  of  maple  and  birch.  In  the  lower  ravines  Pholiotae  are 
numerous  on  logs  and  sometimes  at  the  base  of  live  maple  trees.  This 
entire  region  is  marked  by  a  scarcity  of  Lactarii,  Amanitae,  Russulae 
and  Cortinarii,  Among  the  Polyporaceae, — several  species  of  Fomes, 
Polyporus,  Polystictus,  and  Gleosporus  are  abundant.  The  Clavaria- 
ceae  are  very  common  on  the  rotted  logs  in  the  ravines  and  on  the  lower 
sloi>es,  but  do  not  ajqiear  until  August. 

The  second  Region  mentioned,  Deer  Lake,  lies  to  the  northeast  of  Ne- 
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gaunee  about  three  miles.  It  is  about  two  miles  north  of  Ishpemiiig 
and  is  actnally  included  in  its  township.  The  lake  is  small,  about  tvv'o 
miles  in  length,  and  occupies  a  low  depression  surrounded  by  wooded 
hills.  The  western  slope  is  especially  well  wooded, — covering  an  area 
of  about  three  miles  and  descends  to  a  strip  of  lowlands,  which  slopes 
gently  to  the  lake  below.  The  eastern  part  of  this  lowland  is  a  swampy 
ravine  traversed  by  a  little  creek.  This  swamp  is  densely  wooded  by  a 
second  growth  of  Conifers  consisting  of  tamarack,  hemlock,  fir-balsam, 
and  a  few  hardwoods.  The  ground  is  covered  with  dead  logs  and  pine 
needles.  The  western  portion  of  this  lowland  is  higher,  not  wooded,  and 
quite  dry.  The  higher  slopes  are  well  wooded  with  hardwood  of  the 
same  type  as  those  around  the  Iron  Cliff  Region  and  some  conifers. 
This  region,  because  of  its  variation  in  elevation,  light,  and  moisture, 
over  a  small  area,— is  an  ideal  place  for  the  mushroom  hunter.  Several 
species  of  Cor-tinarius  are  abundant  under  the  conifers  on  the  slopes, 
and  are  especially  common  in  the  cedar  swamp.  The  same  variety  of 
Fungi,  common  to  the  higher  slopes  of  the  Iron  Cliff  Region,  are  here 
in  greater  abundance.  In  addition,  the  higher  slopes  abound  in  several 
species  of  Amanitopsis,  but  there  is  a  scarcity  of  Coprinii,  Hygrophori. 
and  Entolomae, — so  common  to  the  former  region.  The  following 
species,  unreported  for  this  state,  are  numerous: — Clitocybe  cerussata, 
Lactarius  luteola,  and  Psilocybe  canofaciens.  About  the  middle  of 
August,  different  species  Agaricus  appear  on  these  higher  slopes.  After  a 
slight  rain  fall,  the  western  and  higher  part  of  the  lowland  is  thickly 
covered  with  unusually  large  specimens  of  Boleti,  Lactarii,  and  Russulae. 
The  more  swami)y  eastern  part  of  the  lowland  teems  with  species  of 
Clitocybe   and    Tricholoma. 

The  third  region.  Mud  Lake,  is  about  two  miles  east  of  Xegauuee. 
The  topography  of  this  region  is  similar  to  that  of  the  Deer  Lake  re- 
gion, except  that  the  hills  are  higher  and  descend  very  abruptly  to  the 
lake  below.  The  slopes  are  well  wooded  with  hardwood.  A  little  stream 
with  very  steep  banks  winds  around  the  hills  and  feeds  the  lake.  These 
slopes  are  characterized  by  the  same  kind  of  Fungi  that  are  common  to 
the  two  other  regions  mentioned  above.  On  the  higher  ground,  along 
the  road  and  in  the  more  open  places,  several  species  of  Amanitae  are 
very  large  and  abundant.  This  genus  was  not  found  in  the  other  two 
regions.     Here  also,  the  Lactarii  and  Russulae  are  very  numerous. 

In  all  three  regions,  the  I'olyporaceae  are  more  abundant  on  logs  or 
stumps  on  the  higher  slopes  not  too  densely  Avooded  with  hardwood.  Here 
also  are  found  such  genera  as,  Armillaria,  Collybia,  Cantherellus,  En- 
toloma,  Hygrophorus,  Hypholoma,  Lentinus,  Leptonia,  Mycena,  No- 
lanea,  Schizophyllum,  Trieholoma,  and  Yolvaria.  On  the  lower  slopes  and 
in  more  open  places,  the  folloAving  genera  are  abundant : — Agaricus,  Am- 
anita, Amanitopsis,  Boletus,  Coprinus,  Clitocybe,  Flammula  Lactarius, 
Lepiota,  Pholiota,  Pleurotus,  Russula.  The  Cortanarii  seems  to  be  found 
under  conifers  and  are  especially  abundant  in  cedar  swamps  or  ravines 
wooded  with  hemlocks.  As  a  rule,  the  higher  {)laces,  not  too  thickly 
wooded,  are  more  favorable  for  the  growth  of  Fungi  than  low  swami)y 
ground. 

East  Lansing,  Mich.,  Ajiril  1010. 
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PLANTS  NEW  TO  MICHIGAN. 

S.    ALEXANDER. 

Chclonc  ohliqiia  L.  Red  turtle  head.  There  is  a  small  plantation  of 
this  plant  inmiediately  beyond  the  north  side  of  tlie  right-of-way  of 
the  Michigan  Central  R.  R.  Co.,  and  on  the  west  side  of  the  Huron  river 
where  it  is  first  crossed  by  the  M.  C.  R.  R.  east  of  Ann  Arbor.  There 
were  several  other  small  plantations  on  the  island,  a  little  above  the 
point  described  but  they  have  been  destroyed  by  the  Park  Commission 
of  Ann  Arbor  as  have  many  other  rare  and  valuable  plants. 

Coralorhha  nuilfiffora  fiarida  Peck.  This  plant  grows  in  the  forest 
on  the  Cranbrook  farm,  two  and  one-half  miles  northwest  of  Birming- 
ham. 

Physalis  macrophysa  Ryd.  Found  at  the  foot  of  the  hill  northeast  of 
Dr.  Newcomb's  house  on  the  way  to  the  U.  of  M.  botanical  garden. 
Said  by  Britton  to  be  rare  in  Texas,  Arkansas  and  Kansas,  its  most 
northerly  known  limit  heretofore. 

Aster  fwrcutus  Burgess.  Found  on  the  south  side  of  the  river  Raisin, 
about  twenty  rods  below  the  bridge  where  the  Ann  Arbor  R.  R.  crosses 
that  river  at  Dundee. 

The  two  species  first  mentioned  were  rejwrted  by  me  to  Professor  Beal 
several  years  ago.  They  were  overlooked  and  not  put  in  the  last  edition 
of  the  "Michigan  Flora"  as  they  should  have  been. 

Ann  Arbor,  Mich.,  April  1910. 
13 


98  TWELFTH   REPORT. 


NOTES   ON   THE   YELLOW  ADDEK'S  TONGUE. 

0.    A.    FARWELL. 

Presumably,  most  botanists  have  been  at  one  time  or  another,  rather 
disappointed,  to  sa}^  the  least,  at  not  being  able  to  find  a  rare  or  inter- 
esting plant  that  the  manuals  have  accredited  to  the  districts  over  which 
they  have  collected ;  especially  if  they  have  made  special  bnt  unsuccess- 
ful efforts  to  find  it.  One  such  plant,  a  form  of  the  yellow  adder's- 
tongue,  occurs  to  the  writer.  It  had  been  diligently  sought  for  years 
but  unsuccessfully.  At  last,  it  was  found  in  abundance,  in  the  spring 
of  1908,  when  the  writer  was  on  his  annual  vacation  and  collecting  trip. 
In  places,  the  plant  literally  covers  the  ground  with  a  carpet  of  its 
mottled  leaves.  It  is  found  in  abundance  in  the  vicinitv  of  Lake  Linden, 
Houghton  county,  in  the  Upper  Peninsula  of  Michigan.  In  the  5tli 
edition  of  Gray's  Manual,  it  is  mentioned  under  E.  albidum,  as  follows : 
"At  Lake  Superior,  Dr.  Bobbins  finds  a  plant  like  this  but  yeUow- 
■floicered,  a  transition  toward  E.  Grandiflorum."  This  form  has  not 
been  mentioned  in  subsequent  editions.  A  careful  examination  of  many 
hundreds  of  individuals  showed  that  the  plant  is  probably  an  aberrant 
form  of  E.  Americanum  rather  than  of  E.  albidum.  It  had  the  mottled 
leaves,  the  corm,  the  united  stigmas  and  the  spotted  petals  of  the 
former,  diffenng  from  it  only  in  the  teething  of  the  inner  petals.  A 
careful  study  of  these  showed  that  the  species  was  still  in  a  stage  of 
ti*ansition.  The  inner  petals  varied  as  regards  the  toothing,  and  could 
be  found  in  all  stages,  from  the  usual  tooth  on  each  side  at  tlie  base,  to 
the  perfectly  toothless  form,  as  in  E.  albidum.  Some  petals  showed 
the  teeth  much  shortened,  so  that  they  were  only  one-half  or  one-quarter, 
etc.,  as  long  as  the  normal;  some  were  toothed  on  one  side  only,  while 
in  the  same  flower  one  of  the  inner  petals  might  be  normally 
two-toothed,  another  toothless,  and  the  other  showing  some  intermediate 
stage.  The  extreme  forms,  that  is,  the  normally  toothed  inner  petals 
on  the  one  hand  and  the  toothless  inner  petals  on  the  other,  were  not 
as  common  as  the  intermediate  stages. 

Does  this  form  occur  at  other  places?  and  if  not.  why  not?  So  far  as 
the  writer  has  been  able  to  ascertain,  this  form  has  not  been  reported 
from  other  localities.  He  has  not  found  it  in  Lower  Michigan  where 
the  ordinary  form  is  rather  common.  E.  albidum  occurs  in  the  Lake 
Superior  district  and  its  origin  as  a  hybridization  product  has  suggested 
itself;  but  a  very  careful  study  has  uot  revealed  any  strain  of  E.  albi- 
dum in  the  form  under  discussion. 

The  form  needs  further  study. 

May  2,  1910. 
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UNREPORTED  MICHIGAN  FUNGI  FOR  1009. 

C.    H.    KAUFFMAN. 

Through,  the  efforts  of  Dr.  L.  H.  PenniDg1;ou,  it  is  possible  to  include 
in  this  years  report  a  list  of  the  Myxomycetes  of  the  state.  The  her- 
barium of  the  University  was  made  the  depository  of  quite  a  series  of 
Ann  Arbor  slime  moulds,  collected  and  studied  by  Prof.  V.  M.  Spalding 
and  his  instructor,  Miss  Fanny  E.  Langdon.  during  the  yeai*s  1885  to 
1895.  Their  collections  were  examined  and  verified  or  identified  in 
many  cases  by  Prof.  McBride,  as  noted  in  the  list.  L.  N.  Johnson  and 
A.  J.  Pieters  were  also  active  during;  this  period  in  adding  specimens 
to  this  collection.  In  recent  years  Dr.  Pennington  made  a  considerable 
collection  and  has  materially  increased  the  number  already  in  the  her- 
barium.    He  also  examined  and  verified  the  list  given  below. 

The  species  of  the  other  groups  reported  in  this  pai)er  were  collected 
in  various  parts  of  the  state.  The  dry  season  at  Ann  Arbor  produced  a 
scanty  crop  of  fungi,  but  this  was  offset  by  the  moister  conditions  in 
the  Northern  Peninsula.  Miss  Rose  M.  Taylor,  located  at  Negaunee, 
sent  a  large  number  of  specimens  collected  in  that  vicinity,  and  from 
these  and  my  own  collections  from  the  same  place  later  in  the  summer, 
a  number  of  plants  new  to  the  state,  were  obtained  and  are  listed  here. 

MYXOMYCETES. 

Phytomyxiniae. 

Plasmodiophora  brassicae  Woronin.     Jour.  Myci  Tol.  7,  p.  79. 
Exosporeae. 

Ceratiomyxa  fruticulosa   (Muell.)   Macbr.     Very  common  on  decaying 
sticks. 

Myxogastres. 

PJiysaraccac. 

Fuligo  ovata    <  Schaeft'.  i    Macbr.      Common    everywhere    on    decaying 

refuse  and  rotten  wood. 
Fuligo  violacea  I*ers,     Ann  Arbor.     (In  herb,  of  Pennington.)     Fide 

L.  H.  P. 
Phvsarum   ellipsosporum   Rost.       On   decaying   straw.      Ann    Arbor. 

'  Fide  L.  H.  P. 
Phvsarum   contextum   Pers.     Ann    Arbor.      (In    herb,    Pennington.) 

'  Fide  L.  .H.  P. 
Physarum  diderma  Rost.     Reported  from  Michigan  by  Macbride. 
Phvsarum  cinereum   (Batsch.;   Pers.     On  gi'ass,  campus,  Ann  Arbor 

'  Fide  L.  H.  P. 
Physarum    nefroideum   Rost.     Upon    laboratory    cultures,   etc.      Fide 

'  Macbr.    . 
Physarum  globuliferum    (Bull.)    Pers.     Ann  Arbor.      i^In   herb.  Pen- 
nington, i     Fide  L.  H.  P. 
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Phvsariim  leucopns  Link.    Lenawee  Co.     (In  herb.  Pennington.)   Fide 
'  L.  H.  P. 

PbYsariim  rubiginosuni  Fr.     Ann  Arbor.  Fide  L.  H.  P. 

Tihnodoche  viridis   (Bull.)    Sacc.     Ann  Arbor.     Fide  L.  H.  P. 

Badhamia   orbicnlata   Rex.     Ann   Arbor.     Fide  L.   H.   P. 

l^adhamia  papaveracea  Perk.  &  Kav.      ( Tn  herb.     Johnson  at  North 
West.  Univ). 

Crateriuni    ieucocephalum    (Pers.)    Dit.     Houghton   and   Ann   Arbor. 
Fide  L.  H.  P. 

Cienkowskia  reticulata   (A.  &  S.)   Post.     Ann  Arbor.     Fide  Spalding. 

IVIucilago   spongiosa    (Leys.)    Morg.      On   decaying   leaA'es   and    living- 
stems  of  herbaceous  j)lants.     Ann  Arbor,  etc.     Fide  L.  H.  P. 

Didynuum  minus  Lister.    On  dead  leaves.    Ann  Arbor.    Fide  L.  H.  P. 

Didymium  siiuamulosum   (A.  &  S.)    Fr.     Ann  Arbor.     Fide  Spalding. 

Didymium  xanthopus  (Dit.)  Fr.    On  moss.    Ann  Arbor.    Fide  L.  H.  P. 

T)iderma  spumarioides  Fr.     Ann  Arbor.    Fide  L.  H.  P. 

Diderma  crustaceum  Pk.       Lenawee  Co.    Fide  L.  H.  P. 

Diderma  testaceum  Schrad.   (Pers.)      On    dead    leaves.     Ann    Arbor. 
Fide  L.  H.  P. 

Diderma  niveum  (Rost.)  Macbr.     On  artificial  cultures  in  laboratory. 
Fide  Macbr. 

Diderma  hemisphericum   (Bull.^   Home.    On  moss.    Ann  Arbor.-  Fide 
L.  H.  P. 

Diderma  floriforme  (^Bull.)  Pers.    On  decaved  logs.    Ann  Arbor.   Fide 
L.  H.  P. 
^temonitaceae. 

Amaurochaete  ful.iginosa  (Sow.)   Macbr.     Ann  Arbor.     Fide  L.  H.  P. 

Stemonitis  fusca    (Roth)    Rost.     Ann  Arbor.     Fide  A.  J.  Pieters. 

Stemonitis  Morgan!  Pk.     Ann  Arbor.     Fide  Macbr. 

Stemonitis  axifera    (Bull.)    Macbr.     Whitmore  Lake,  Washtenaw  Co. 
Fide  Macbr. 

Stemonitis   Smithii    Macbr.     Ann   Arbor.     Fide   Macbr. 

Comatricha   laxa   Rost.     Ann   Arbor.      (In   herb,   Pennington.)     Fide 
L.  H.  P. 

Comatricha  nigra   (Pers.)   Schroet.     Ann  Arbor.     Fide  L.  N.  Johnson. 

Comatricha  longa  Pk.     Ann  Arbor.     Fide  Spalding. 

Dlachea  splendens  Pk.     Ann  Arbor.     Fide  Spalding. 

lianiproderma  violaceum  (Fr.)  Rost.    Ann  Arbor.     (In  herb.  Penning- 
ton.)     Fide  L.   H.  P. 
(Jribariaceac. 

Ueticularia  lycoperdon.     Bull.     Ann  Arbor.     Fide  L.  H.  P. 

Enteridium  splendens  Morg.     Ann   Arbor.     Fide  L.  H.  P. 

Enteridium  olivaceum  Ehren.     Ann  Arbor.     Fide  L.  N.  Johnson. 

Dictydiaethalium  plumbeum   (Schum.)   Rost.     Fide  L.  H.  P. 

liindbladia  effusa   (Ehr.)    Rost.     Ann  Arbor.     Fide  L.  H.  P. 

Tubifera  ferruginosa    (Batsch.)    Macbr.     Ann  Arbor.     Fide  L.  H.  P. 

Tubifera  stipitata  (Berk  &  Rav.)  Macbr.     Ann  Arbor.     Fide  Macbr. 

Dictydium  cancellatum    (Batsch.)    Macbr.     Ann  Arbor.     Fide  Spald- 
ing. 

"Lycogola  epidendron    (Buzb.)    Fr.     Very  common.     Fide  L.  H.  P. 

lijcogola  flavo-fuscum  (Ehr.)  Rost.    Upon  maple  trunks.     Ann  Arbor. 
Fide  L.  H.  P. 
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Trichiaceae. 

Peiichaena  torticalis  (Batscli.)   Rost.     Auu  Aibor.     Fide  L.  N.  John- 
son. 
Lachnoboius  occideutalis  Macbr.     Ann   Arbor.     Fide  L.   H.  P. 
Ai-cvria  nutans   (Knll.)    Fr.     Very  common.     Fide  L.  H.  P. 
Ar(  yria  incarnata  Pers.     Ann  Arbor.     Fide  Macbr. 
Arcyria  denudata  (Linn.)  Sliel.    Very  common.    Fide  L.  H.  P. 
Arcyria   cinerea    (Bull.)    Fr.     Common.     Fide  L.  H.  P. 
Arcyria  digitata   (Sclnv.)   Rost.     Ann  Arbor.     Fide  L.  H.  P. 
Hemitrichia  serpula   (Scop.)   Rost.     Ann  Arbor.     Fide  L.  H.  P. 
Hemitrichia  clavata    (Pers.)   Rost.     Very  common.     Fide  L.  H.  PL 
Hemitrichia  stipata   (Schw. )   Macbr.  Ann  Arbor.    Fide  Macbr. 
Trichia  contorta  (Didm.)     Rost.    Ann  Arbor.    Fide  Macbr. 
Trichia  varia   (Pers.)   Rost.     Ann  Arbor.     Fide  Spalding. 
Trichia   scabra  Rost.     Ann  Arbor.     Fide  Spalding. 
Trichia   persimilis  Karst.     Ann   Arbor.     Fide  Macbr. 
Trichia   favoginea   (Batscli.)    Pers.     Common.     Fide  Macbr. 
Trichia   botr^tis  Pers.     Ann   Arbor.     Fide  L.  N.   Johnson. 
Trichia  decipiens   (Pers.)    Macbr,     Ann  Arbor.     Fide  Macbr. 
Trichia    inconspicua    Rost.      Ann    Arbor.      Fide   Macbr. 

ASCOMYCETES. 

Geof/Iossaccac. 

Cudonia  lutea    (Pk.)    Sacc.     On  moist  ground,     Marquette  Co.  Aug. 

10.     Fide  C.  H.  K. 
Hclicllaccoc. 

Helvella  infula  Schaeff.     On  the  ground,  in  woods  of  spruce,  cedar, 

white  birch,   etc.      Ishpeming,    Marquette    Co.,    Aug.    21.     Fide 

C.  H.  K. 
Pyronemaceae. 

Pvronema    omphaloides    Bull.      On    burnt   ground.      Washtenaw    Co., 

May  15.    Fide  C.  H.  K. 
Pezizaceae. 

Galactinia   saniosa   Schrad.     On   moist   ground,   mixed   woods.     Mar- 
quette Co.,  Aug.  21.     Fide  C.  H.  K. 
Otidea    leporina    (Batsch)    Fuckl.      Ground,   mixed    woods.     Presque 

Isle,  Marquette  Co.     Aug.  27.     Fide  C.  H.  K. 
Hdotiaeede. 

Arachnopeziza    aurelia     (Pers.)     Fuckl.       (Syn.    Belonidium    aurelia 

(Pers.)    DeNot.)      On  old  logs.     Washtenaw  Co.,  ^May  15.     Fide 

Durand. 
Arachnopeziza  delicatulum  Fuckl.     On  rotten  wood.    Washtenaw  Co., 

June  5.    Fide  C.  H.  K, 
Dasychypha  subtilissima  (Cke.)  Sacc.     On  decaying  branches.    Wash- 
tenaw Co.,  June  12.    Fide  C.  H.  K. 
Dasychypha  Willkomii  Hartig.    On  fallen  twigs  of  Larix,  in  tamarack 

bog.     Washtenaw  Co.,  June  3.     Fide  C.  H.  K. 
Helotium  fraternum  Pk.     On  i>etioles  of  Acer,  in  woods.     Marquette 

Co.,  Aug.  23.  Fide  C.  H.  K. 
Pilocratera  abnormis  sp.  nov.  Pk,  in  ed.     On  decorticated  logs.     Isli- 

Ijeming,  'Marquette  Co.,  Aug.  21.     Fide  Pk. 
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Phacidiaceae. 

Rhytisma  aeeriuiiiii   (Pers.)    Fr.     On  leaves  of  Acer  rubnim  iu  bog. 
Washtenaw   Co.,  June  3.     Fide  C.  H.   K. 
Hypoorea^eae. 

Hypomyces  aurantia   (Pers.)   Fuckl.     On  decaying  Polyporiis  frondo- 

sns.     Waslitenaw  Co.,  Nov.  1907.     Fide  Pk. 
Cordyceps   eutomorrliiza!    (Dicks)    Fr.      On    pupa,    woods    of   Palmer 
Park,  Detroit,  June  5.     Fide  C.  H.  K. 

i. 

BASIDIOMYCETES. 

Dacryomycetaceae. 

Guepinia  palmiceps  B.  &  C.     Palmyra,  Lenawee  Co.     (In  herb.    Pen- 
nington.)    Fide  Pk. 
Tlielepkoracme. 

Thelephora  palmata  Fr.  Ground,  oak  woods.  Monroe  Co.,  July  26. 
Fide  C.  H.  K. 

Thelephora  ^Yilleyi  Clinton.     Ground.     Lenawee  Co.,  July  2G.     Fide 
C.  H.  K.         ' 
Hydnaceae. 

Hydnum  velatum  B.  &  C.     Washtenaw  Co,     (In  herb,  L.  H.  P.)   Fide 
Pk. 
Polyporaceae. 

Poiyporus  rutilans  Fr.  On  dead  branches,  rather  common.  Wash- 
tenaw Co.     Fide  Atkinson  and  Pk. 

Polystictus  barbatulus  Fr.     On  dead  branches.     Marquette  Co.,  July. 
Fide  C.  H.  K. 
Ayaricaceae. 

Amanita  chlorinosma  Pk.  Ground.  Wavne  Co.,  Oct.  19.  Fide  C. 
H.  K. 

Clitocybe  cerussata  Fr.  Ground  iu  woods.  Marquette  Co.,  Aug.  10. 
Fide  C.  H.  K. 

Collybia  stridula  Fr.  Ground,  in  cult,  fields.  Washtenaw  Co.,  June 
7.  Fide  C.  H.  K.  Probably  often  confused  with  Tl'icholoma 
melaleucum. 

Deconica  subviscida  Pk.  Among  grass  in  pastures.  Washtenaw  Co., 
June  9.     Fide  C.  H.  K. 

Flamulai  fusa  (Batsch)  Fr.  On  rotten  stumps.  Washtenaw  Co.,  June 
9.    Fide  C.  H.  K. 

Flamula  gummosa    (Lasch.)    Fr.     On  rotten  wood  in  cedar  swamp., 
Marquette  Co.,  Aug.  24.     Fide  C.  H.  K. 

Hygrophorus  niveus  Fr.  Ground.  Marquette  Co.,  Aug.  27.  Fide 
C.  H.  K. 

Inocybe  hystrix  Fr.  On  gTOund,  conifer  woods.  Presque  Isle,  Mar- 
quette Co.,  Aug.  7.     Fide  C.  H.  K. 

Lactarius  affinis  Pk.  On  ground,  mixed  woods.  Marquette  Co.,  Aug. 
21.     Fide  C.  H.  K. 

Lactarius  colorascens  Pk.  Low  grounds,  mixed  woods.  Marquette 
Co.,  Aug.  21.     Fide  C.  H.  K. 

Lactarius  luteolus  Pk.  Low  ground.  Marquette  Co.,  Aug.  21.  Fide 
C.  H.  K. 
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Lactarius  piijeratiis  Fr.  var.  fragraus  Biirliugham.  (Certainly  a  def- 
inite variety.)  Ground,  mixed  woods.  Presque  Isle,  Marquette 
Co.,  Aug.  21.     Fide  C.  H.  K. 

LactariiLs  turpis  Fr.  Ground,  conifer  woods.  Presque  Isle,  Marquette 
Co.,  Aug.  27.  Fide  C.  H.  K.  In  every  respect  like  the  Swedish 
plant. 

Lentinus  haematopus  Berk.  On  dead  wood.  Marquette  Co.,  Aug.  21. 
Fide  Pk.     (A  single  specimen,  in  Peck's  herb.) 

Marasmius  semihirtipes  Pk.  Among  grass  and  twigs,  fence  rows. 
Washtenaw  Co.,  May  30.     Fide  C.  H.  K. 

PJeurotus  liguatilis  Fr.  On  logs,  elm.  maple,  etc.,  woods,  Aug., 4,  1905. 
Fide  C.  H.  K. 

Pluteus  caloceps  Atk.  On  the  ground.  Dead  Lake,  Washtenaw  Co., 
Oct.  15,  1904.  Fide  Atkinson.  (Reported  by  Atkinson  in  Ann. 
Mycol.  Vol.  7). 

Pluteus  cervinus  Fr.  var.  albus  Pk.  Marquette  Co.,  Julv  28.  Fide 
C.  H.  K. 

Pluteus  salicinus  (Pers.)  Fr.  On  very  rotten  wood,  in  swamp  of 
willow,  etc..  July  27.     Fide  C.  H.  K. 

Pholiota  aggericola  Pk.  Ground  in  low  woods.  Emmet  and  Hough- 
ton Co.,  1905-6.     Fide  C.  H.  K. 

Psilocybe  canofaciens  Cooke.  Xegaunee,  Marquette  Co.,  Aug.  10. 
Fide  C.  H.  K. 

Psilocybe  submaculata  Atk.  (See  Ann.  Mycol.  Vol.  7),  where  it  is 
described  and  reported  from   Michigan) . 

Tricholoma  rancidulum  Banning.  Ground  in  woods.  Washtenaw  Co., 
Sept.  14,  1907.    Fide  C.  H.  K.       "• 

Tricholoma  venenata  Atk.  Poisonous.  Rochester,  Oakland  Co.  (De- 
scription, etc.,  published  in  Botanical  Gazette,  Vol.  46.,  1908,  page 
461  by  Atkinson). 

Univer-sity  of  ilichigan.  May  1910. 
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ANOTHER  OBlr^ERVATION  ON  SCLEROTINIA  FRUCTIGENA. 

J  AS.    B.    POLLOCK. 

The  question  as  to  whether  the  brown  rot  fun^ns  of  the  stone  fruits, 
Selerotinia  fructigena,  produces  its  asoocarps  more  than  a  ye^ir  after 
the  mummied  fruits  have  fallen  from  the  tree  has  up  to  the  present 
been  an  open  one.  When  Norton  in  1902  discovered  the  ascocarps  of 
this  species,  he  believed  that  they  grew  from  mummied  fruits  which 
had  lain  under  ground  two  years,  but  this  could  not  be  demonstrated. 
An  opportunity  has  been  presented  to  the  writer  to  make  the  demon- 
station  that,  this  fungus  does  produce  ascocarps  the  second  season 
after  the  mummied  fruits  have  fallen  from  the  tree.  In  the  spring  of 
1909.  on  ground  belonging  to  the  Botanical  Garden  of  the  University 
of  Michigan,  a  group  of  plum  trees  was  cut  down  before  the  leaves  came 
out.  In  preceding  years  these  trees  had  borne  regular  crops  of  fruit,  a 
portion  of  which  was  always  attacked  by  the  brown  rot  fungus,  Scleroti- 
nia  fructigena.  The  gTouud  on  which  these  trees  stood  was  not  culti- 
vated and  the  mummied  jjlums  had  fallen  in  the  grass  under  them  for 
years,  some  of  them  being  covered  with  earth  througli  the  action  of  earth 
worms  and  the  washing  action  of  rain.  No  other  plum  ti'ees  stood 
within  thirty  rods  of  the  trees  under  consideration,  and  the  conditions 
were  thus  favorable  for  determining  the  question  whether  the  mummied 
plums,  or  rather  the  sclerotia  contained  in  them,  would  develop  the  cup- 
like ascocarps  more  than  two  years  after  they  liad  fallen  from  the  tree. 
In  1909  a  good  collection  of  the  ascocarps  was  made  where  the  plum 
trees  had  stood,  and  again  in  1910.  The  apothecia  were  growing  di- 
rectly from  the  old  mummied  plums,  which  had  fallen  from  the  trees  not 
later  than  1908.  This  demonstrates  that  two-year-old  mummies  are 
capable  of  developing  ascocarps.  Reade  reports  that  in  his  work  on 
Solerotinia  he  obtained  the  apothecia  in  about  a  year  in  artificial 
cultures. 

In  another  species,  Sclerotinia'  aestivalis,  Avhicli  the  writer  described 
in  the  Michigan  Academy  Report  for  1909,  mummied  apples  collected 
in  the  summer  of  1908  produced  ascocarps  all  through  the  summer  of 
1908,  and  after  standing  over  winter  dry  in  the  laboratory  in  covered 
glass  dishes  which  had  served  for  moist  chambers,  the  same  mummied 
apples  produced  another  crop  of  apothecia  in  April  1910.  The  second 
crop  was  decidedly  smaller  in  size  than  the  first  one  of  the  preceding 
summer.  It  developed  after  the  apples  had  again  been  moistened,  and 
kept  in  the  moist  chamber. 

It  is  certain  then  that  not  only  can  sclerotia  of  Sclerotinia  produce 
lascocarps  two  years  after  the  sclerotia  were  first  formed,  but  also  that 
in  at  least  one  species  of  Sclerotinia  the  same  sclerotium  can  produce 
two  crops  of  ascocarps.  Whether  the  last  statement  is  true  of  Sclero- 
tinia  fructigena  we  do  not  know,  but  it  seems  not  improbable.  The 
ability  to  produce  ascocarps  the  second  year  whether  they  are  the  first 
or  second  crop  from  a   given  sclerotiuuL  must  be  of  considerable  im- 
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portance  for  the  persisteuce  of  the  fuugiiH.  in  a  locality  where  the  mum- 
mied fruits  are  not  destroyed.  If  the  weather  for  one  season  were  so 
unfavorable  for  the  fungus  that  no  plums  rotted  and  hence  no  new 
sclerotia  were  formed,  the  old  mummies  would  still  carry  the  fungus 
over  to  the  next  season,  and  we  do  not  know  that  even  two  years  is 
the  final  limit  beyond  which  the  fungus  cannot  reproduce  itself.  The 
importance  of  destroying  the  old  mummied  fruits,  whether  on  the 
ground  or  on  the  tree,  is  manifest.  E.  F.  Smith  long  ago  pointed  out 
that  the  mummies  which  hang  on  the  tree  from  one  season  to  the  next 
are  often  capable  of  producing  a  new  crop  of  conidia  in  the  spring. 

Univ.  of  Michigan,  April  1910. 
14 
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INCREASED  COST  OF  LIVING. 

THE    SITUATION. 

Wilbur  O.  Hedriek. 

The  subject  of  our  discussion  is  oue  wliich  in  a  very  practical  sense 
might  be  conceived  as  of  that  kind  to  which  the  older  economists  so 
frequently  alluded  as  thino's  concerning-  which  "everyone  had  a  notion 
sufficiently  correct  for  common  purposes."  But  not  unlike  many  of  the 
other  terms  thus  undiscriminatingly  disposed  of  the  expression  "in- 
creased cost  of  living,"  must  be  given  more  definite  boundaries  in  order 
to  be  useful  for  discussion. 

The  popular  presentation  of  the  subject  which  has  filled  so  many 
columns  of  our  newspapers  and  magazines  during  the  past  winter,  if 
not  indeed  during  the  past  decade,  has  seldom  undertaken  any  close 
discriminations  as  to  the  meaning  of  "cost  of  living."  The  apparently 
unanswerable  argument  which  has  been  used  to  support  the  contention 
of  an  increased  "cost  of  living"  has  been  a  table  of  statistics  which  show 
that  the  prices  of  most  commodities  are  higher  now  than  was  formerly 
the  case.  These  grim  looking  statistical  tables — resembling  not  a  little 
both  in  subject  matter  and  in  general  associations  the  display  boards 
which  stand  before  restaurants — would  indeed  be  incontestable  proofs 
if  there  were  national  households  anywhere  which,  without  having  had 
bettered  incomes,  were  obliged  to  pay  these  prices.  But  there  are  of 
course  no  such  households  and  when  it  is  remembered  that  "cost  of 
living''  to  have  any  practical  significance  must  have  reference  to  actual 
])rivate  households  the  assumed  sequence  of  high  prices  being  followed 
by  inevitably  high  costs  is  badly  shaken.  A  skillful  imagination  for 
example  might  easily  picture  such  an  arrangement  of  occupations  as 
would  allow  each  to  enjoy  high  prices  and  yet  the  interdej>endency  among 
these  occupations  might  be  such  that  none  of  the  members  of  any  of 
them  would  be  either  better  or  worse  ofl"  through  the  price  situation. 
Abstinences  and  economies  of  all  sorts  are  also  resources  which  are  much 
relied  upon  by  households  to  keep  down  the  cost  of  living  in  the  face  of 
high  prices  and  have  thus  prevented  the  need  of  "deficit  financiering" 
in  the  family  budget  which  would  otherwise  exist.  Common  observa- 
tion shows  that  some  classes  benefit  from  the  high  prices  which  are 
paid  and  the  result  is  that  there  is  no  such  universal  identity  between 
the  two  terms  as  the  newspaper  and  magazine  headlines  would  lead 
us  to  suppose. 

The  cost  of  living  has  been  one  of  the  gi'eatest  concerns  to  mankind 
from  the  beginning  and  economists  have  always  recogTiized  its  import- 
ance. It  was  the  cause  for  example  of  some  of  the  great  migrations  and 
it  is  at  present  at  the  bottom  of  the  colonial  policies  of  nations  like 
Japan,  Germany  and  England.  In  its  harshest  aspect  it  is  Darwin's 
"struggle  for  existence,"  and  Malthus  relied  upon  it  as  the  force  which 
would  keep  human  population  in  abeyance.  Our  contemporary  conser- 
vation  of.  resources   movement   takes   root   in    the   fear   that   "mankind 
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may  starve  at  la»t"  tliroiigli  the  exhaustion  of  natural  resources — a 
fear  wliich  has  been  ministered  to  by  the  dire  forbodings  of  Sir  William 
Crooks,  >Mr.  J.  J.  Hill,  "Sir.  Pinchot  and  others — while  tariff  eontro- 
versys  resound  with  the  elaims  and  counter  claims  in  behalf  of  the  ''ulti- 
mate consumer." 

It  is  preeminently  a  })ractical  question  to  the  economist  and  its  in- 
fluence upon  economic  theory  also  is  manifest  when  we  remember  that 
such  important  laws  as  those  of  diminishing  utility,  of  diminishing  re- 
turns and  of  substitution  would  become  almost  insignificant  if  detached 
from  their  relation  to  the  "cost  of  living.'' 

Curiously  enough  the  provocation  which  has  stirred  the  agitation 
of  the  day  concerning  ''cost  of  living" — namely,  high  prices — is  nowhere 
regarded  by  economists  as  of  serious  importance  in  comparison  with 
some  of  the  other  causes  which  have  been  suggested.  The  subject  of 
high  prices  in  most  of  the  economic  text  books  is  found  in  connection 
with  the  treatment  of  money  and  the  explanation  from  Prof.  Laughlin 
"that  he  who  sells  goods  for  more  money  (that  is  for  higher  prices)  will 
have  to  pay  more  for  the  goods  he  buys  and  is  no  better  off'  than  where 
there  was  less  money"^  typifies  fairly  well  it  will  be  found  the  attitude 
of  most  economic  writers  toward  high  prices. 

The  term  "cost  of  living"  itself  when  approached  for  purposes  of 
definition  is  found  to  be  without  significance  except  as  it  has  reference 
to  sacrifice.  Most  studies  upon  this  subject,  indeed,  like  the  one  com- 
pleted by  Prof.  Chapiu  last  year  or  the  one  carried  on  by  the  United 
States  Bureau  of  Labor  in  1903  have  given  equal  emphasis  to  the  matter 
of  income  as  to  the  matter  of  expenditure.  The  family  is  the  customary 
object  of  investigation  in  determining  costs  of  living  because  it  is  a 
social  unit  with  such  interdependencies  among  its  members  that  all  alike 
are  affected  by  changes  in  the  scale  of  living  and  it  is  the  household 
budget  which  reflects  the  constituents  which  enter  into  this  outlay.  The 
very  flexible  but  imperative  body  of  wants  and  acquirements  which  goes 
by  the  name  of  standard  of  living  must  also  be  reckoned  with  in  any 
thorough  going  study  of  wealth  consumption.  Whether  we  take  the 
scale  of  living  which  Congress  intimated  last  year  was  the  suitable  one 
for  our  chief  magistrate  or  the  one  which  John  Mitchell  has  drawn  up 
as  fitting  for  the  unskilled  laborer  or  any  intermediates  for  our  model 
it  will  still  be  found  that  ''the  standard  of  living"  is  the  real  determinate 
of  the  satisfactoriness  or  the  unsatisfactoriness  of  our  state  with  regard 
to  cost  of  living.  As  another  has  well  said  "actual  privations  are  not 
necessary  to  create  a  sense  of  economic  disadvantage;  mere  thwarted 
hopes  are  amply  sufficient." 

Whatever  may  ultimately  be  established  as  to  the  relations  between 
increased  "cost  of  living"  and  ''high  prices"  the  reality  of  this  latter  con- 
dition seems  assured  and  the  facts  with  regard  to  high  prices  remain  now 
to  be  examined.  In  an  able  treatise  upon  wealth  distribution  written 
by  the  late  Charles  Spahr  the  belief  is  expressed  "that  in  matters  con- 
cerning which  they  are  interested  the  common  observations  of  common 
people  is  more  trustworthy  than  the  statistical  investigations  of  the 
most  unprejudiced  experts,"  and  that  "social  statistics  are  only  trust- 

'Elements  of  Economics,  p.  78. 
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worthy  when  they  show  to  the  world  at  large  w-hat  coimiioii  observiatiou 
shows  to  those  personally  familiar  with  the  conditions  described."^ 

It  is  very  jirojierly  my  task  then,  thongh  at  the  risk  of  some  oircumlo- 
ciition,  to  confirm  common  observation  by  showing-  statistically  the 
changes  which  the  prices  of  household  goods  are  undergoing,  and  this  un- 
dertaking is  all  the  more  readily  assumed  through  the  fact  that  commod- 
ity prices  have  been  very  carefully  arranged  to  form  the  well  known  price 
tables  or  index  numbers.  The  elaboration  of  these  tables  has  been  the 
work  of  years  under  such  names  as  those  of  Mulhall,  Palgrave,  Mitchell, 
Bradstreet,  Dunn,  ^^auerbeck  and  Sootbier  and  a  resi>ectable  literature 
has  been  developed  concerning  the  choice  of  averages,  the  commodities 
to  be  chosen,  the  use  of  weights  and  the  selection  of  base  years. 

The  avowed  pur|jose  of  these  price  tables  or  index  numbers  is  to 
reflect  the  movement  of  jtrices — to  show  the  averages  of  the  marginal 
comparisons  between  money  and  commodities  which  have  been  made 
within  a  given  time,  and.  for  this  purpose,  many  considerations  are  in- 
volved which  only  remotely  affect  the  cost  of  living.  It  is  true  indeed 
that  in  a  broad  sense  all  the  products  of  man's  labor  are  intended  for 
consumption  and,  in  an  immediate  or  remote  way,  enter  into  the  ex- 
penses of  living,  but,  as  we  have  seen,  the  term  "cost  of  living''  to  have 
a  useful  meaning  must  refer  to  the  cost  of  real  things  to  real  house- 
holds and  the  cost  of  living  to  a  people  would  be  the  aggi'egated  ex- 
penses of  these  budgets.  Under  these  circumstances  production  goods 
of  all  sorts  and  lands  and  mines,  forests  and  fisheries  since  they  never 
are  found  in  family  budgets  should  be  excluded  in  a  technical  sense 
from  consideration.  The  problem  of  selection  which  separates  the  com- 
modities which  enter  into  cost  of  production  from  those  which  do  not 
is  also  an, important  problem  in  the  construction  of  price  tables  or  index 
numbers.  It  is  obvious  at  once  that  in  arranging  a  price  table,  which 
shall  show  the  average  of  prices  among  a  people  during  a  given  period, 
that  observation  of  all  the  ratios  of  exchange  which  have  been  made 
is  humanly  impossible.  Xo  single  commodity  can  have  all  its  measure- 
ments in  terms  of  money  recorded  nor  can  all  the  commodities  even  in  a 
single  place.  Under  these  circumstances  certain  typical  commodities 
must  be  chosen  and  their  most  typical  prices  made  use  of  in  arranging 
the  average. 

It  is  this  matter  of  the  commodities  which  have  been  chosen  and  the 
prices  which  have  been  utilized  which  makes  some  of  these  tables  more 
acceptable  in  showing  the  high  prices  of  household  goods  than  are 
others.  This  difference  may  be  easily  illustrated.  Sootbier  for  example 
found  the  statistics  available  in  the  Hamburg  customs  house  and  board 
of  trade  records  for  ascertaining  the  prices  of  nearly  one  hundred  and 
forty-four  articles  over  a  period  of  thirty-eight  years  from  which  to  com- 
pute his  index  numbers.  In  1885  Hamburg  became  a  free  port  and  his 
records  ceased.  It  is  apjiarent  that  availability  alone  determined  largely 
in  this  instance  the  commodities  which  were  chosen. 

In  contrast  with  this  rather  superficial  basis  for  price  collection,  the 
United  States  Senate  table  of  relative  prices  for  the  1840-1891  period 
grouped  and  weighted  commodities  according  to  the  proportions  in  which 
they  entered  into  household  expenses  and  greatly  enlarged  the  number 
of  commodities  upon  which  observations  were  made. 

^Distribution  of  Wealth,   Chas.   Spahr,  preface. 
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This  Senate  table  was  discontinued  early  in  the  nineties  and  its  suc- 
cessor so  far  as  the  government  is  concerned  is  the  table  of  the  Bureau 
of  Labor  which  1  have  used  for  the  price  movements  of  this  paper. 

The  Bureau  of  Labor  has  made  use  of  the  retail  prices  of  30  and  the 
wholesale  prices  of  250  staple  commodities,  has  collected  them  for  nearly 
teu  years  and  shows  plainly  by  its  tabulations  that  the  alarming-  rise 
of  prices  recently  experienced  is  merely  the  prolongations  of  an  upward 
trend   of  a  dozen  or  more  years. 

The  upward  trend  of  the  retail  prices  of  30  ordinary  table  food  com- 
modities as  collected  ty  the  government  in  07  different  places  and  from 
1,105  ditTerent  dealers  is  as  follows:  1001  index  numbers  lOS.i/o  points; 
1002,  110.9:  1903,  110.9;  1904,  lll.G;  1905,  112.5;  1900.  110.2;  and  1907, 
120.7  a  total  rise  of  15.2  points  in  six  years.  It  is  also  significant  that 
each  and  every  one  of  the  30  commodities  save  sugar  alone  had  a  higher 
price  in  1907  than  in  1901. 

Turning  now  from  the  commodities  which  merely  minister  to  the  table 
and  noticing  the  other  family  living  expenses  we  find  here  a  lapse  in  the 
governmentally  collected  retail  prices  and  consequently  wholesale  rates 
must  of  necessity  be  considered.  The  Bureau  of  Labor  has  tabulated  these 
wholesale  prices  since  1901  for  the  extraordinarily  large  number  of  250 
commodities  the  most  of  which  it  has  grouped  under  the  following  sig- 
nificant heads — Foods,  etc.,  57  articles;  cloths  and  clothing,  44  articles; 
fuel  and  lighting.  13  articles;  drugs  and  chemicals,  9  articles;  house  fur- 
nishings, 14  articles  and  lumber  and  building  materials,  28  articles.  It 
will  be  recalled  from  memories  of  the  family  budget  that  most  of  the 
constituents  of  the  material  side  of  living  group  themselves  naturally 
under  one  or  the  other  of  the  titles  which  have  just  been  read  so  that  the 
relative  prices  of  these  different  groups  from  year  to  year  should  show 
significantly  how  living  expenses  have  risen.  Further  than  this  they  cor- 
respond closely  with  the  headings  under  which  the  familiar  commodity 
consumption  statistics  of  our  text  books  are  collected  and  this  confirms 
us  in  the  belief  that  these  goods  api>ertain  to  living. 

The  retail  prices  of  30  food  products  as  we  have  just  seen  appreciated 
15.2  points  in  six  years.  The  appreciation  of  57  such  products  at  whole- 
sale rates  during  six  years  was  not  so  gi^eat  varying  from  105.9  in  1901 
to  117.S  in  1907.  During  the  same  jieriod  the  cloth  and  clothing  group 
increased  from  an  index  number  of  101  in  1901  to  11G.9  in  1907  or  a 
gain  of  15.9  points.  Three  articles  alone  of  this  group,  it  should  be 
mentioned,  hosiery,  covert  cloth  overcoatings  and  Wamsutta  shirtings 
became  cheaper  during  the  progress  of  this  period  than  they  were  at  its 
beginning.  The  thirteen  membei*s  of  the  fuel  and  lighting  group  appreci- 
ated from  119.5  in  1901  to  130.8  in  1908— a  rise  of  11.3  points;  lumber 
and  building  materials  as  represented  by  28  articles  moved  up  10.4 
points  and  the  14  articles  of  house  furnishings  rose  13  points,  while  drugs 
and  chemicals  alone  of  all  the  household  essentials  have  steadily  de- 
clined in  price  during  the  decade  selling  for  nearlv  five  i>oints  less  in 
1908  than  in  1901. 

In  addition  to  this  rather  matter  of  fact  record  of  the  heightened 
prices  which  nearly  all  the  housdiold  essentials  have  recently  had,  this 
report  of  the  labor  bureau  affords  still  another  way  of  showing  the  same 
outcome.     This  is  through  the  differentiation  of  the  prices  of  eonsump- 
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tion — fit  goods  from  the  prices  of  goods  still  iu  their  raw  or  unmanu- 
factured state.  The  classificatiou  of  commodities  into  those  which  are 
primary  and  into  those  which  are  derivative  is  a  familiar  one  in  our 
economic  text  books  and  it  is  a  useful  arrangement  here  because  it 
enables  us  to  go  back  beyond  the  160  or  more  articles — all  derivative 
goods — whose  index  numbers  have  just  been  noticed  and  examine  the 
prices  of  the  raw  materials — vegetable,  animal  or  mineral — out  of  which 
they  were  made. 

The  table  of  the  bureau  considers  200  derivative  or  manufactured 
articles — namely  the  ones  we  have  already  just  considered  and  shows  a 
rise  in  points  of  their  index  number  from  107.8  in  1901  to  122.2  in  1908 — 
a  total  of  14.1.  On  the  other  hand  fifty  new  commodities — the  primary 
goods — or  tliose  which  are  marketed  as  raw  materials — show  a  rise  dur- 
ing the  same  period  from  111.4  in  1901  to  125.5  in  1908,  an  increase  of  14.1 
points.  It  is  along  this  line  of  inquiry  it  may  be  noted  that  if  the  sta- 
tistics were  available  and  we  wished  to  push  our  derivatives  far  enough, 
the  prices  of  natural  agents  and  of  production  goods,  which  we  re- 
jected in  an  earlier  part  of  the  paper,  would  produce  their  proper  effect 
wpfm  the  cost  of  living. 

From  still  another  standpoint  the  situation  with  regard  to  high  prices 
may  be  shown  from  data  which  the  bureau  of  labor  has  collected.  This 
is  from  the  standpoint  of  relative  total  money  expenses  of  a  family  at 
present  as  compared -with  the  preceding  decade.  In  its  study  of  the 
living  expenses  of  2,567  families  in  1901,  the  bureau  of  labor  ascertained 
a  normal  rule  of  expenditure  for  different  household  needs,  and,  as- 
suming that  this  is  typical  for  other  families  and  that  it  has  not  varied 
until  the  present  time  the  information  is  easily  at  hand  for  showing  the 
growth  in  the  family  budget  so  far  as  food  is  concerned. 

In  1901  expenditures  for  food  from  one  familv  equalled  roundly 
$325;  1902,  $345;  1903,  |343;  1904,  |347 ;  1905,  |349;  1906,  |359 ;  and 
in  1907,  |375  an  increase  of  |50  in  six  years. 

Again  from  the  standpoint  of  the  ''distance  a  dollar  will  go"  in  buy- 
ing food  products  the  labor  bureau's  report  shows  that  7  lbs.  of  fresh 
beef  could  be  secured  for  this  sum  in  1901  or  914  lbs.  of  salt  beef;  8  lbs. 
of  fresh  pork,  the  same  of  salt  pork;  714  lbs.  of  chicken;  7  to  10  pounds 
of  fish;  5  doz.  of  eggs;  10%  qts.  of  milk;  4  lbs.  of  butter;  6  lbs.  of 
cheese;  9  lbs.  of  lard;  two  of  tea;  4Mi  of  coffee;  1634  sugar;  2  gal.  of 
molasses;  40  lbs.  of  Hour;  431/0  lbs.  of  corn  meal;  201/3  lbs.  of  bread; 
1214  lbs.  of  rice  and  1  bush,  of  potatoes.  At  no  time  during  the  suc- 
ceeding six  years — as  an  average  throughout  the  year — would  a  dollar 
purchase  as  much  of  any  one  of  these  couimodities  as  the  amount  we 
have  just  described  save  in  the  case  for  one  year  of  lard  and  for  all 
years  of  sugar  and  coffee. 

Finally  with  regard  to  all  prices  everywhere  both  foreign  and  domes- 
tic and  of  all  commodities  the  index  nund)er  of  the  London  Economist 
shows  a  gradual  apjireciation  as  follows:  1896,  61  points;  1906,  77 
points  and  1907,  80  points — exceptions  being  made  in  this  instance  also 
of  the  prices  of  sugar,  coffee  and  tea. 

More  specifically  it  niay  be  interesting  to  note  that  the  February  re- 
port of  the  Canadian  Department  of  Labor  tabulated  retail  price  quo- 
tations upon  thirty-three  articles  of  food  collected  from  all  the  cities  of 
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the  doniiiiiou  for  the  date  of  January  1910.  and  the  records  show  an 
almost  nndeviatino-  correspondence  witli  the  prices  of  similar  articles 
in  this  country. 

The  distributive  effects  of  high  prices  in  appor-tioning-  incomes  to  the 
various  members  of  the  economic  classes  are  much  less  ca])able  of  ac- 
curate exposition  than  is  the  fact  itself  of  high  prices.  Within  the  field 
of  the  economic  shares  statistical  inquiry  has  not  been  so  successful  as 
with  prices  and  our  most  perfectly  recorded  investigations  of  any  of 
these  shares — namely  the  census  reports  concerning  land  rentals — are 
now  a  full  decade  removed.  Under  these  circumstances  no  resource 
remains  apparently  save  that  of  common  observation  for  the  explana- 
tion  of  the  class  results  which  have  issued   from   high  prices. 

Of  all  the  economic  classes  which  have  benefited  from  this  situation, 
the  profit  receiver  has  doubtless  fared  best.  Looking  behind  the  rows  of 
figures  which  represent  the  money  value  of  our  yearly  product  of  manu- 
factured commodities — a  row  wiiich  has  now  become  far  too  long  for 
intelligent  comprehension — and  we  see  newly  built  factories  and  busi- 
ness blocks,  recently  opened  mines  and  improved  transportation  facili- 
ties on  even-  hand  as  the  substantial  evidences  of  the  existence  of  profits. 
The  external  transformation  and  enlargement  which  has  overtaken  the 
financial  and  business  center  of  the  land — New  York  City — within  the 
the  last  decade^ — a  change  which  a  recent  visitor,  Mr.  H.  G.  Wells,  de- 
clares "found  this  city  of  brown  stone  the  color  of  dessicated  chocolate 
and  will  leave  it  of  white  and  colored  marble"  speaks  eloquently  of  the 
prevalence  of  business  profits.  In  the  not  infrequent  view  of  a  real 
profit  which  a  newspaper  reader  gets  throtigh  the  disbursements  of  divi- 
dends on  the  ])art  of  some  large  concern,  one  sees  nothing  to  dissuade 
him  from  the  belief  that  business  men  find  prosperity  in  high  prices. 

A  special  class  of  profit  receivers,  the  farmers,  has  apparently  enjoyed 
especial  benefits  from  high  prices  during  the  latter  part  of  this  decade. 
•'Most  prosperous  of  all  years  is  the  place  to  which  1909  is  entitled  in 
agriculture"  is  the  opening  sentence  in  the  report  from  the  Secretary 
of  AgTiculture  for  1909.  The  money  value  to  which  the  farm  crops 
of  last  year  was  entitled  exceeded  8%  billions  of  dollars — an  amount 
almost  exactly  twice  as  large  as  that  of  eleven  years  ago.  The  recent 
overspreading  of  the  Canadian  Northwest  by  the  American  farmer  of  the 
west  and  middle  west  may  be  attributed  to  high  prices  in  two  ways. 
First,  it  has  been  made  profitable  to  open  these  distant  lands.  Second, 
they  have  made  the  rental  price  of  the  home  land  almost  prohibitively 
high  to  the  would-be  jnirchasers.  The  products  of  this  region  should 
by  right  of  logic  apparently  be  added  to  the  aggregates  which  the  secre- 
tary of  agriculture  has  made  for  the  American  farmer. 

The  attempts  to  discriminate  the  tone  or  spirit  of  an  indtistry  as  a 
basis  for  judging  its  prosperity  may  seem  to  many  the  very  climax  in 
the  use  of  the  observational  method.  Nevertheless,  there  are  many  evi- 
dences which  support  the  belief  that  a  more  prosperous  air  pervades 
agriculture  than  was  formerly  the  case. 

The  agricultural  discussions  of  the  decade  Avhich  closed  with  the 
Industrial  Commission  of  1901,  for  example,  and  even  the  expert  testi- 
monies which  were  given  to  this  commission  had  much  to  say  of  the 
ills  of  the  farmer.     The  underlying  note  of  all  these  discussions  is  the 
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farmer's  discontent  and  the  oliaracter  of  the  alleviation  which  should  be 
ajiplied.  One  will  look  in  vain  through  the  newspaper  and  magazine 
articles  upon  agriculture  during  the  recent  years  for  a  gioomv  note  con- 
cerning this  industry.  We  read,  on  the  contrary,  titles  concerning  the 
*'New  American  Farmer,''  the  "New  Spirit  of  the  Farm,"  "Seven  and  a 
Half  Billions  from  the  P^irni,"  etc.,  etc.,  as  testimonies  concerning  the 
new  standing  of  this  vocation. 

Few  indeed  of  the  manifold  activities  of  our  late  great"  executive  were 
more  widely  censured  on  account  of  needlessness  than  was  the  appoint- 
ment of  the  Rural  Life  Commission  when  it  was  thought  that  the  pur- 
pose of  this  investigation  was  to  discuss  the  impoverishment  or  waning 
prosperit.v  of  our  farming  class. 

A  single  small  observation  which  has  come  within  my  ow^n  experience 
may  serve  as  a  slight  straw  to  show  tlie  prosperous  trend  of  agriculture. 
I  refer  to  the  increasing  popularity  of  technical  training  in  this  pursuit 
to  the  young  industrialists  of  the  land.  I  think  no  one  has  failed  to 
notice  a  certain  relationship  between  the  prosperity  of  an  industry  and 
the  schools  which  minister  to  that  industry.  The  industrial  awakening 
of  the  early  part  of  the  decade  for  example  stimulated  engineering 
schools  everywhere.  The  conservation  movement  which  followed  a  few 
years  later  gave  forestry  schools  a  period  of  wide  popularity,  and  other 
instances  might  easily  be  recalled.  In  conformity,  I  believe  with  this 
connection  between  occupational  prosj)erity  and  profesvsional  school 
prosperity  the  fact  of  agricultural  profitableness  is  shown  by  the  high, 
tide  in  point  of  numbers  which  technical  courses  in  agriculture  have 
everywhere  recently  attained. 

An  allusion  was  made  a  moment  ago  to  the  newspaper  and  magazine 
proofs  of  the  thriftiness  of  the  farming  class,  but  no  one  will  consult 
authority  of  this  sort  without  having  his  attention  called  to  evidence 
pointing  in  the  other  direction  in  regard  to  that  class  of  i>ersons  who 
draw  salaries.  The  significance  of  this  situation  with  regard  to  salaries 
which  are  suffering  from  halting  or  fully  arrested  development  is  ap- 
parent when  we  accept  the  popular  belief  that  economic  society  is  un- 
dergoing a  transfornuition  from  the  leadership  of  the  small  but  inde- 
pendent business  man  to  that  of  the  salaried  official,  in  the  large  con- 
cern. 

Another  industrial  class  which  has  seemingly  benefited  but  little  from 
the  prevalence  of  high  prices  is  the  money  lending  capitalist.  Reason- 
ing here  from  the  flimsiest  of  analogies,  one  concludes  that  if  half  the 
earnings  which  were  attributed  to  these  Wall  Street  people  during  the 
low  price  period  of  the  nineties  were  really  received  by  them  then,  the 
reversal  of  their  income  situation  through  the  present  high  prices  must 
be  extreme  indeed. 

By  an  outright  usurpation  of  the  point  of  view  possibly,  or  else  as 
a  species  of  tribute  to  the  sovereignty  of  the  profit  variety  of  income 
in  our  economic  organization,  we  have  accustomed  ourselves  to  the  prac- 
tice of  identifying  "good  times"  with  high  prices  and  "bad  times"  with 
a  low  level  of  exchange  ratios.  Whether  the  strain  upon  this  tradition 
is  as  near  or  not  the  breaking  point  as  the  public  press  would  have  us 
believe,  we  have  had  at  any  rate  a  great  public  excitement  over  high 
prices.     In  his  annual  message  of  last  fall,  President  Taft  called  atten- 
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tion  to  this  price  phenoiiiena.  In  the  early  winter  both  houses  of  Con- 
gress, several  state  governments  and  nuinv  senii-puhlic  organizations 
undertook  the  study  of  the  upward  trend  of  i)riees.  Many  other  organi- 
zations— mostly  of  laboring  men — without  waiting  for  help  from  investi- 
gation, undertook  to  apply  a  remedy  through  boycotts  or  other  sorts  of 
force.  The  high  level  of  prices  atford  a  situation  which  is,  we  nmy  read- 
ily concede,  a  proper  field  for  gov^ernmental  investigation,  even  though 
we  doubt  the  availability  of  remedies  to  government — and  much  more 
so  to  the  belligerent  private  organizations — even  after  the  cause  of  the 
disorder  is  discovered.  In  the  meantime,  there  seems  to  have  been  little 
or  no  decline  in  prices,  and  the  ill  effects  from  this  situation  are  so 
wide  spread  that  any  explanatory  information  seems  sure  of  a  cordial 
reception   from  the  waiting  public. 

Mich.   Agricultural   College,  April   1910. 
15 


114  TWELFTH   REPORT. 


CAUSES  AND  REMEDIES  AS  SEEN  IN  MONETARY  CONDITIONS. 

JAS.     B.     MITCHELL. 

We  are  accustomed,  as  a  people,  to  work  up  a  greflt  deal  of  emotion 
over  slight  or  evanescent  ills.  Nor  are  we  alone  in  this.  We  remember 
how  England,  but  a  few  months  ago,  was  stirred  up  over  what  was 
imagined  to  be  a  threatened  invasion  by  Germany. 

The  present  high  prices,  in  my  judgment,  are  not  a  cause  for  serious 
alarm.  To  be  sure  some  of  our  medical  friends  say  we  are  in  danger  of 
degeneration  from  under  nutrition,  but  if  the  truth  were  told  we  should 
be  found  to  be  in  much  greater  danger  of  degeneration  from  excessively 
extravagant  living. 

Our  present  prices  seem  extreme  in  contrast  with  the  abnormally 
low  prices  of — say  thirteen  or  fourteen  years  ago.  This  is  esi^ecially 
true  of  certain  food-stuffs,  notably  meats  and  some  other  farm  products,^ 
which  are  indeed  very  high,  but  the  reasons  for  this  will,  no  doubt,  be 
explained  by  others. 

Our  Democratic  brethren  persisted,  back  in  189G,  in  telling  us  that 
gold  had  been  steadily  increasing  in  value  for  more  than  twenty  years; 
that  the  dollar  would  purchase  more  jn-oducts,  the  world  over,  in  '9)j 
than  at  any  time  during  this  period.  They  told  our  farmers  that  their 
products  had  diminished  in  value  relatively  to  gold;  that  it  took  more 
of  the  products  of  the  farm  to  pay  the  mortgages  they  had  contracted 
in  previous  years  than  the  money  they  had  borrowed  would  purchase 
of  those  same  products  at  the  time  the  mortgages  were  given.  In  other 
words,  they  told  the  farmers,  whose  long  time  debts  were  coming  due, 
that  they  would  have  to  pay  back  more  than  they  had  borrowed — not 
more  money,  but  more  value,  more  purchasing  power. 

All  this  was,  in  large  meiisure,  true  and  hard  for  their  Republican 
opponents  to  satisfactorily  answer.  For  whether  we  view  the  general 
price  level  in  the  period  from  1882  to  1896  from  the  standpoint  of  whole- 
sale or  retail  prices,  from  that  of  raw  materials  or  manufactured  pro- 
ducts, or  whether  we  compare  the  trend  of  prices  in  the  United  States 
with  that  of  foreigu  countries,  a  decided  decline  in  prices  is  noticeable. 

This  is  graphically  illustrated  in  various  United  States  bulletins.  In 
the  chart  here  exhibited — which  is  an  enlarged  copy  of  one  taken  from 
the  report  of  the  United  States  Industrial  Commission  vol.  XIX — we 
have  the  comparative  movement  of  wholesale  prices  in  this  country  and 
Great  Britain,  from  1882  to  1901.  We  note  a  fall  in  the  United  States 
of  45  points — from  120  to  75 — or  387f  ;  and  in  Great  Britain  of  31  points 
— from  109  to  78 — or  28%  ;  that  is,  62  cents  would  purchase  as  much  in 
this  country  in  l896  as  |1.00  in  1882;  and  the  equivalent  of  72  cents  in 
English  money  would  buy  as  much  in  Great  Britain  in  1896  as  the 
equivalent  of  a  dollar  would  in  1882. 

This  is  only  another  way  of  saying  that  gold  increased  in  value,  dur- 
ing that  period  of  fourteen  years,  about  62%  in  the  United  States,  and 
about  40%  in  Great  Britain.  Before  the  present  rise  in  prices,  there- 
fore, there  was  a  very  remarkable  fall. 
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No  wonder  the  Ueniocratie  orators  waxed  eloquent  over  the  sufferings 
of  the  debtor  class.  But  they  went  too  far,  and  essayed  to  prophesy. 
They  told  us  these  same  conditions  were  going;  to  continue,  under  the 
gold  standard,  and  be  intensified ;  that  gold  would  still  farther  increase 
in  value,  and  that  for  the  simple  but  sufficient  reason  that  there  was 
not  enough  gold  in  the  world  to  do  the  money-work  and  supply  what  was 
needed  in  the  arts.  Of  course  they  proved  to  be  poor  prophets,  as  the 
subsequent  gold  output  and  present  high  prices  clearly  demonstrate. 

According  to  Bradstreet's  index  number  prices  have  advanced  in  the 
United  States  up  to  January  1st,  1910,  about  62% — have  just  about  re- 
covered the  previous  loss.  A  dollar  in  1896  would,  therefore,  buy  as 
muck  as  .f  1.62  at  the  present  time — which  is  the  same  as  saying  that  62 
cents  would  buy  as  much  then  as  a  dollar  now. 

In  England  the  advance  in  prices  to  the  level  of  the  early  eighties 
has  not  been  quite  so  complete.  Industry,  in  Great  Britain,  has  been 
slow  to  recover  from  the  panic  of  1907,  due  probably  to  the  agitation 
over  the  budget  question.  Prices  have  risen  in  England,  however,  ac- 
cording to  Sauerbeck's  and  the  Loudon  Economist's  index  numbers  about 
30%.  In  other  foreign  countries  they  have  increased  from  30%  to  40%, 
and  under  normal  conditions  in  England  they  no  doubt  would  have  in- 
creased to  the  same  extent. 

I  have  corresponded  with  careful  observers  of  economic  conditions, 
in  England,  stating  to  them  the  rise  in  prices  here  and  asking  whether 
they  had  advanced  in  the  same  degree  there.  One  answered,  "Not  quite 
to  the  same  extent  but  almost;''  another  Avrote,  "Not  quite  so  much;" 
a  third  was  unable  to  give  the  per  cent  of  advance  but  attributed  it  to 
the  increased  output  of  gold. 

Opinions  gathered  from  such  sources  are  of  course  not  conclusive; 
nor  indeed  is  data  gathered  from  anv  source  absolutelv  final.  But  from 
the  best  that  can  be  obtained  it  seems  reasonably  certain  that  there 
has  been  a  common  increase  of  from  30%  to  40%.  Local  conditions  make 
it  much  more  in  the  tlnited  States  and  considerable  more  in  some  foreign 
countries. 

LTndoubtedly  in  no  country  has  the  advance  been  due  to  a  single 
cause.  Economic  phenomena  are  almost  invariably  the  result  of  a  plural- 
ity of  causes.  But  so  far  as  the  advance  in  prices  is  common  to  all 
countries,  it  cannot  be  ascribed  to  tariffs  or  trusts,  to  short  crops  or 
short  hours  of  labor,  to  speculation  or  taxation,  or  anything  else  which 
operates  only  locally.  We  must  look  deeper  for  a  force  or  forces  that 
are  universal,  world-wide.  And  such  a  force  is  to  be  found  in  the  oat- 
put  of  gold  since  1806. 

I  have  copied  from  the  last  report  of  the  director  of  the  United 
States  mint  (1908) — which  gives  the  world's  production  of  gold  since 
the  discovery  of  America — the  following  table  which  is  suflScient 
for  our  discussion. 
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.3Ki,yWfyt.^.  world's    annual   PRODUCTION    OF    GOLD. 

Ml-1810 13,287,000 

1811-1830 8,527,000 

1831-1810 13,481,000 

1841-1850 30,303,000 

1851-1860 133,000,000 

1861-1870 126,000,000 

1871-1880  115,000,00 

1881-1885 90,000,000 

1886-1890 .  112,000,000 

1891-1895  .  163,000.000 

1896-1900  257.000,000 

■  1901 ..  260,000,000 

1902  29«i,000,000 

1903    327,000,000 

1904 347,000,000 

1905 380,000,000 

1906 402,000,000 

1907 412,000,000 

1908 441,000,000 

1909    (estimated)     457,000.000 

You  will  notice  that  we  are  considering  the  world's  output  and  not 
the  output  of  this  country  alone.  We  do  this  because  of  the  freedom 
with  which  gold  Hows  where  it  may  be  needed  for  the  world's  work. 
The  British  Isles,  the  world's  greatest  market,  produced  less  than 
$30,000  in  1908,  and  yet  there  was  no  scarcity  of  gold  in  England. 
France  produced  less  than  a  million  (.f835,000)  in  the  same  year,  but 
she  imported  196  million.  Africa  produced  166  million  in  1908  but 
exported  160  million.  Gold  is  not  perceptibly  more  valuable  in  the 
country  that  produces  none  than  in  tliie  country  that  produces  hundreds 
of  millions  annually.  A  large  output  in  the  United  States  would  not 
make  gold  more  plentiful  here  than  elsewhere.  So  we  must  consider  the 
world's  output  if  we  are  to  reach  any  satisfactory  conclusion  as  to  the 
effect  of  its  increased  production  on  prices. 

Again,  we  consider  the  world's  output  rather  than  that  part  of  it 
which  is  coined,  made  into  money.  The  value  of  gold,  like  any  com- 
modity, depends  on  its  marginal  utility  and  is  governed  by  the  demand 
made  upon  it  for  its  use  in  the  arts  as  well  as  coin.  Of  the  world's 
product  in  1908,  327  million  was  coined  and  113  million  used  in  the  arts. 

Now,  it  does  not  follow  that,  because  of  the  large  and  increasing  pro- 
duction of  gold  in  the  last  fourteen  years,  prices  must  of  necessity  have 
advanced.  If  the  world's  commodities  increase  in  amount  faster  than  the 
means  of  exchanging  them — other  things  remaining  the  same — prices 
will  fall. 

It  could  easily  be  shown,  if  time  permitted,  that  this  has  not  taken 
place  in  the  United  States  since  1896 ;  indeed  in  the  case  of  some  food- 
stuffs there  has  been  an  actual  decrease  in  amount.  And  a  decrease  in 
the  amount  of  any  commodity,  attended  by  a  large  increase  of  the  force 
available  for  money-work,  must  result  in  a  great  inci'ease  in  the  price 
of  that  commoditv. 
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XoAv,  greatly  as  The  world's  output  of  gold  has  increased  since  1896, 
as  indicated  by  the  rejiort  of  the  director  of  the  United  States  mint, 
the  force  availalile.  throngli  bank  credits,  for  the  exchange  of  connuodi- 
ties  has  increased  vastly  more.  Thai  the  gold  output  has  increased  the 
l>er  capita  circulation  in  the  United  States  from  less  than  |28.00  in 
1896  to  about  §;>5.00  at  the  pi'esent  time,  is  in  itself  significant,  but 
Avhen  we  consider  liow  greatly  this  is  augmented,  by  means  of  bank 
credits,  it  becomes  much  more  significant.  Not  everyone  is  familiar 
with  the  fact  that  for  every  dollar  in  cash  deposited  in  a  bank  the 
bank  may  safely  lend  at  least  five  dollars.  This  is  because  banks  do 
not  lend  money  so  much  as  credit.  Probably  not  more  than  10%  of 
a  bank's  loans  is  made  in  money.  What  borroAvers  want  is  not  money 
but  a  light  to  draw  money.  So  instead  of  taking  the  money  from  the 
bank  they  dejjosit  it  to  their  credit.  Banks,  in  this  way,  as  is  some- 
times said,  "manufacture  credit."  They  enable  the  community  to  use 
money  to  the  best  advantage:  they  make  a  little  money  do  a  gTeat 
deal  of  money-work.  While,  therefore,  the  per  capita  circulation  in 
this  country  has  not  increased  over  50%  since  1896  the  money-force 
available  for  etfecting  exchanges  has  increased  by  five  times  that 
amount.  The  commodities  to  be  exchanged  have  not  increased  so  much. 
To  use  a  phrase  of  Francis  Walker  the  money-work  to  be  done  has  not 
increased  as  fast  as  the  money-thing,  and  consequently  prices  have 
lifted. 

But  there  is  no  reason  to  suppose  that  this  advance  in  prices  Avill 
continue  indefinitely.  Gold  was  excessively  high  in  value  in  1896,  and 
gave  large  returns  to  its  producers.  Now,  it  is  a  familiar  fact  that 
labor  and  cajiital  are  constantly  attracted  from  less  profitable  to  more 
profitable  industries.  It  was  more  profitable  to  produce  gold  in  '96 
than  to  ju-oduce  wheat  or  raise  cattle,  and  so  capital  and  labor  turned 
to  the  production  of  gold.  (toUI  production  went  on  at  a  prodigious 
rate  while  that  of  wheat  and  other  foodstuffs  did  not.  Moreover,  be- 
cause of  the  large  returns,  from  the  mining  and  refining  of  gold,  the 
inventive  genius  of  our  engineers  and  chemists  was  directed  towards 
finding  better  and  cheaper  methods  of  producing  it.  and  the  result  is 
our  modern  cyanide  }n'ocess. 

But  mining  is  an  industry  especially  responsive  to  the  law-  of  dimin- 
ishing returns.  Ore  must  be  sought  on  lower  and  lower  levels,  thus 
increasing  the  cost  of  producing  it.  This,  together  with  the  present 
diminished  value  of  gold,  will  induce  labor  and  capital  to  forsake  the 
search  for  gold  and  enter  oilier  and  more  profitable  fields  of  production. 
The  result  will  be  a  diminished  outjiut  of  gold  and  a  fall  in  the  price 
of  other  commodities  (which  is  the  same  as  a  rise  in  the  value  of  gold). 

All  this,  however,  takes  time,  and  meanwhile  we  must  submit  to  high 
prices,  unless  we  can  find  some  means  of  averting  them.  It  would,  of 
course,  make  little  difference,  so  far  as  the  cost  of  living  is  concerned, 
whether  prices  are  high  or  low,  whether  they  go  up  or  go  down,  if  only 
wages,  salaries,  interest  and  the  like,  moved  in  the  same  direction  and 
with  the  same  degree.  Real  wages,  salaries  and  other  incomes  would 
then  remain  unchanged. 

But  this  never  occurs.  Wages  and  salaries  are  slow  to  respond  to 
the  changing  value    of    money.     The    April    number    of    the    Atlantic 
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Monthly,  just  out,  asserts  that  sahiries  actually  fell  QM%  in  Massa- 
chusetts, from  1895  to  1905,  which  means  a  veiy  large  fall  in  real  sal- 
aries. 

As  a  means  of  preventing  this  rise  and  fall  in  real  incomes — and  so 
in  the  cost  of  living— the  adoption  of  the  multiple  standard  has  recently 
been  advocated  by  some  writers  of  note.  This  would  furnish  an  equit- 
able solution,  if  it  could  be  made  to  work  in  practice  as  it  is  conceived 
in  theory,  which  is  highly  improbable.  The  multiple  standard  is  not 
in  use  anywhere  at  the  i)resent  time,  so  far  as  I  know,  nor  has  it  ever 
been  on  an  extensive  scale.  It  is  too  much,  therefore,  to  predicate  its 
practicability.  Moreover,  the  world  is  committed,  for  the  present,  to 
the  gold  standard,  and,  while  it  is  by  no  means  a  prefect  standard  for 
deferred  pa3'lnents,  we  probably  cannot  do  better  than  to  continue  it. 
At  any  rate  we  could  not  change  it  if  we  would.  It  only  remains  for  us, 
then,  to  adjust  ourselves,  as  best  we  may,  to  it. 

But  how?  So  far  as  I  know,  no  suggestion  has  yet  been  offered,  ex- 
cept to  extend  the  principle  of  protection  to  gold.  But  legislation  with 
regard  to  gold  would  probably  not  be  effective.  Most  likely  it  would 
do  harm  rather  than  good.  A  partial  remedy  might  be  found  in  better 
and  freer  banking  laws,  such  as  exist  in  some  foreign  countries. 

And  then,  too,  if  wages,  salaries,  interest  and  the  like  could  be  made 
to  respond  more  quickly  to  the  changing  value  of  the  standard,  gold, 
a  long  step  would  be  made  toward  the  solution  of  either  an  increased 
or  diminished  cost  of  living.  It  has  seemed  to  me  this  might  be  ac- 
complished by  the  ai>pointment  of  a  body  of  economic  exjierts  of  recog- 
nized ability  and  character,  who  should  determine  by  the  science  of 
index  numbers,  whether  prices  have  lowered  or  lifted  and  to  what  ex- 
tent. These  determinations  might  be  made,  perhaps  twice  a  year,  and 
published  in  the  daily  press.  If  prices  had  greatly  increased,  as  has 
been  the  case  recently,  these  reports  would  become  subjects  of  discus- 
sion in  press  and  magazine;  public  opinion  would  be  created  in  favor  of 
a  demand  for  higher  wages,  salaries  and  other  fixed  incomes.  This 
should  be  especially  effective  in  the  adjustment  of  wages,  and  it  is,  after 
all,  the  laboring  i)€ople  for  whom  we  are  most  vitally  concerned  in  the 
problem  of  the  high  cost  of  living. 

Alma  College,   Mich.,   April   1910. 
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ORGANIZED  LABOR  AND  THE  RECENT  ADVANCE   IN  PRICES. 

LEWIS  H.   HANEY. 

This  paper  is  written  iu  view  of  two  facts :  prices  have  risen ;  wages 
have  done  likewise.  According  to  all  methods  of  statistical  judgment 
average  prices  are  between  30  and  40%  higher  than  at  the  low  level  of 
1897;  just  now  no  one  can  estimate  the  rise  in  average  wages 
during  the  past  two  jears,  though  it  has  probal)ly  been  less  than  that 
of  prices,  just  as  it  was  somewhat  greater  in  1897  and  1903. 

Now,  various  phenomena  are  pointed  to  and  mentioned  as  causes  for 
this  advance  in  prices.  Some  say  gold  supply,  some  vanished  free  land; 
some  growl  labor  unions,  others  hiss  "Tl-usts!"  My  problem  is  to  take 
the  labor  factor  and  inquire  how  it  has  functioned  in  the  general  rise. 
What  is  the  fact  as  to  wages?  What  is  the  relation  between  wages  and 
prices?  What  part  has  ^'organized  labor"  played  in  the  determination 
of  this  relation? 

I.       GENERAL     PRICES     AND     WAGES. 

We  at  once  reflect  that  a  general  rise  in  exchange  values  is  incon- 
ceivable to  the  intelligent  mind,  and  are  forced  to  make  first  the  dis- 
tinction between  price  and  value,  and  then  that  between  general  values 
and  prices  and  particular  values  and  prices. 

General  prices  may  rise,  for  here  the  question  is  not  one  of  a  ratio 
of  exchange  between  commodities,  but  between  commodities  and  a  me- 
dium through  whose  agency  the  commodities  are  exchanged:  the  general 
rate  of  exchange  may  be  higher  or  lower  according  to  relative  condi- 
tions of  supply  and  demand  as  regards  the  medium. 

General  prices,  then,  may  rise  through  changes  in  demand  or  supply  of 
money,  money  being  defined  as  all  media  of  exchange :  if  the  quantity  of 
money  or  its  efficiency  of  circulation  increases,  or  if  the  number  of  ex 
changes  to  be  effected  decreases,  general  prices  will  rise.  Obviously 
labor  may  function  here  as  a  factor  in  producing  either  media  of  ex- 
change, or  things  to  be  exchanged.  But  the  facts  are  patent :  on  the 
supply  side  money  has  increased  tremendously  in  quantity ;  bales, 
bushels,  tons  and  ton  miles  on  the  demand  side  have  also  waxed,  but 
apparently  the  supply  side  has  grown  faster  and  each  year  the  dollar 
is  worth  less  on  the  average.  Without  going  into  a  wearisome  statisti- 
cal statement  it  may  simply  be  stated  that  there  appears  to  be  no  evi- 
dence that  the  production  of  commodities  as  distinguished  from  money 
has  lagged.  I  leave  it  for  others  to  decide  if  the  whole  change 
be  due  to  the  increased  supply  of  precious  metals  and  other  money 
media. 

So  far  as  general  prices  for  any  considerable  time  are  concerned  it 
does  not  appear  that  wages  have  effected  or  can  effect  a  rise  in  price. 
It  would  be  out  of  place  in  this  paper  to  go  into  the  theory  of  the  fact, 
and  explain  why  there  is  no  logical  connection  between  general  wages 
and  general  prices.    As  to  the  facts,  statistics  show  no  great  parallelism 


120 


TWELFTH   REPORT. 


in  advance,  and  wages  follow  rather  tlian  precede  prices  in  the  npward 
movement.  If  curves  indicating-  the  course  of  wages  and  that  of  prices 
are  plotted  and  compared  it  at  once  appears  that  a  drop  in  prices  nearly 
always  precedes  one  in  Avages  and  that  the  drop  is  general^  at  a  lower 
rate  in  the  case  of  wages. 

The  facts  as  to  the  movements  of  general  wages  (so  called)  are  briefly 
as  follows.  The  index  number  of  full-time  weekly  earnings  used  by  the 
V;-.  i>.  Bureau  of  Labor — based  on  a  weighted  average  bv  industries  with 
the  average  for  1890-99  as  100— was  99.9  in  1898,  lOi  in  1900,  114  in 
1905,  and  122.4  in  1907. — u  rise  of  22.4';r.  This  seems  quite  representa- 
tive as  tested  by  the  statistics  of  certain  states.  New  York,  for  example, 
publishes  an  index  number  for  46  industries, — unweighted,  and  with  the 
average  for  1899-01  as  100,— which  starts  at  92  in  1898  and  ends  with 
122  in  1907. — an  advance  over  the  base  of  22^.  Taking  Ohio's  figures 
and  roughly  constructing  an  estimated  series  with  the  average  yearly 
earnings  for  1899-01  as  a  basis,  we  get  an  advance  of  19%.  New  Jersey's 
statistics  of  yearly  earnings  makes  the  index  number  for  1907  equal 
110,- the  average  for  1899-01  being  100.  As  compared  with  1898  these 
figures  show  a  rise  in  average  earnings  of  from  18%  to  30%  for  1907. 
The  figure  for  the  United  States,  22.5,  lying  approximately  half  way  be- 
tween seems  conservative. 

The  movement  of  relative  wages  during  the  decade  1898-1907  is  shown 
in   the   following  table. 


Year. 


1898 
1899 
1900 
1901 
1902 
190.3 
1904 
1905 
1906 
1907 


u.  s. 

(1890-99 
=100). 


99.9 
101.2 
104.1 
10.5.9 
109.2 

112. 3 
112.2 
114.0 
118.5 

122 . 4 


N.  Y. 
(1899-01 
=  100). 


92 
100 

97 
103 
105 
109 
108 
115 
122 
122 


N.  J. 
(1899-01 
=  100). 


98.0 
99.1 
99.9 
100.9 
105.6 
106.5 
106.3 
110.1 
112.0 
116.9 


Ohio. 
(1899-01 
=100). 


94. 

97. 

98. 
104. 
109. 
113. 
112. 
114.9 
118.7 
118.9 


II. 


THE    TRANSITION    FROM    PARTICULAR    TO    GENERAL. 


But  new  general  price  levels  do  not  come  in  one  '^fell  swoop"  and, 
as  Hume  long  ago  pointed  out  and  Cairnes  emphasized,  changes  in  gen- 
eral  prices  come  through  a  series  of  changes  in  particular  levels. 

Nor  is  the  truth  of  tliis  statement  overshadowed  by  the  course  of  the 
various  general  index  numbers  referred  to.  In  all  cases  some  prices 
have  remained  stationary  and  others  have  fallen  while  the  average  is 
advancing. 

The  key  to  the  present  price  and  wage  situation  seems  to  me  to  lie  in 
the  following  explanation.  First  there  comes  an  increase  in  the  supply  of 
money  media  (as  already  indicated  by  Prof.  Mitchell).  Then  as  this 
supply  increases,  the  holders  of  it  begin  to  find  its  exchange  power  de- 
creased here  and  there  according  to  the  demand  for  particular  commodi- 
ties, or.  put  in  another  way,  its  marginal  utility  to  them,  decreased. 
First,   such   farm   products  and   food   articles   as   cotton,   corn,   butter, 
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and  eggs  feel  the  effects  of  the  rising  tide  of  money.  The  demand  for 
them  being  intense  and  inelastic,  the  money  holders  are  impelled  to 
part  with  more  units  of  their  medium  to  secure  the  desired  amount  of 
such  goods.  lu  a  word,  wherever  supply  is  limited  relative  to  demand 
jtrices  will  rise,  and  irhcrc  flic  limitation  is  greatest — ichcrc  the  means 
of  satisfying  an  inelastic  want  are  scareest — there  the  price  iciJl  rise 
first.  Finally,  if  we  assume  that  no  changes  in  the  character  of  wants 
or  the  means  of  satisfying  them  takes  jdace,  the  rise  will  S]»read  from  one 
industry  to  another  and  affect  all  in  the  same  proportion. 

It  is  thus  easily  exjilainable  that  food  stuff's,  for  which  man's  wants 
are  least  elastic,  and  the  demand  for  which  in  the  shape  of  a  swelling 
population  has  just  begun  to  exhaust  the  old  sources  for  new  supplies, — 
that  food  stuffs  should  show  the  earliest  and  highest  rise.  Housing, 
fuel,  and  light  are  the  objects  of  a  relatively  inelastic  demand  and  have 
risen  in  price  to  an  extent  only  second  to  food  stuffs.  Clothes  have  a 
more   elastic   demand :    here   relative  prices   are   not   now   so   high. 

But  what  of  wages?  If  we  assume  competition  it  is  evident  that  it 
will  spring  up  with  and  among  those  employers  who  receive  the  ad- 
vanced prices  and  will  insure  an  advance  to  labor,  at  least  until  some 
growth  in  the  labor  supply  brings  a  counter  competition  and  reduction. 
This  last  (pialification  Avill  probably  be  unnecessary,  however,  for  the 
rise  in  prices  becoming  more  general,  the  cost  of  living  will  be  increased 
so  that  more  money  wages  are  requisite  to  insure  the  same  real  wage 
as  was  received  prior  to  the  rise.  The  price  of  cotton  goods,  bread, 
cattle,  and  leather  goes  up,  and  so  on  until  the  whole  budget  of  the 
laborer  and  everyone  else  is  affected. 

But  if  there  is  an  element  of  monopoly  on  the  part  of  capital  in  the 
favored  industry  the  rise  may  not  be  transmitted  through  it  to  the  in- 
dustrial system,  but  be  retained  as  a  suiTilus  profit.  Xor  would  the 
laborer's  wages  in  that  industry  be  advanced  unless  he  too  were  a  mem- 
ber of  a  (labor)  monopoly  and  forced  a  division,  or  until  rises  outside 
his  industry  made  an  advance  necessary  to  the  maintenance  of  his 
standard. 

In  a  word,  the  advance  in  wages  follows  that  in  prices.  The  chief 
concessions  to  those  who  would  attack  labor  organizations  in  this  con- 
nection would  be  made  in  pointing  out  that  a  monopolistic  union  in 
an  industry  whose  jiroducts  were  the  object  of  an  inelastic  demand 
might  make  that  demand  more  intense  by  limiting  supply  and  so  de- 
termine the  point  in  the  field  of  industry  at  which  prices  would  first 
rise, — a  case  of  particular  prices. 

The  next  question  would  be  one  of  fact.  Is  there  any  evidence  of  such 
action?  Naturally  we  transfer  our  attention  to  what  is  the  real  prob- 
lem of  the  hour  the  (juestion  of  the  relation  between  particular  prices 
and  particular  wage  groups. 

III.       PAUTICT'LA-R    PRICES. 

Turning  to  particular  ])rices  the  problem  is  less  simple.  Here  any 
thing  Avhich  limits  the  sujqjly  of  a  commodity  relative  to  demand  may 
cause  a  rise  in  its  price,  whether  this  be  nionoi)oly,  or  increased  cost 
of  production,  or  absolutely  limited  su]ji)ly.  Here  is  the  field  for  in- 
creased labor  costs  or  expenses  to  express  themselves.  Do  employes 
16 
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ill  building-  trades  monopolize  their  crafts?  Then,  the  number  demanded 
remaining  the  same,  the  price  of  houses  will  rise.  Does  it  cost  more 
labor  to  produce  a  bushel  of  wheat?  Then  that  bushel  will  bring  more 
on  the  market.  Or  if  the  demand  for  sirloin  steak  increases  very  much 
the  price  of  steak  may  rise  even  though  the  cost  may  decrease  some- 
what. Probably,  when  the  question  is  put,  what  is  the  cause  of  the 
recent  high  prices,  no  answer  is  so  frequently  in  the  mouth  of  the  non- 
scientific  man  as  "organized  labor." 

In   approaching  this   phase  of  the  problem    it   will   be   well   first   to 
analyze  the  theoretical   possibilities  and   then   to  bring  such   statistics 
as  are  available  to  bear. 
1.     Relative  Produetirity     (a)   Produciwity: 

One  way  of  putting  the  case  is  this:  If  wages  are  raised  relatively 
to  productivity  the  price  must  be  raised  or  the  capitalist  enter})riser 
will  lose.  I  say  ''raised  relatively  to  productively" — it  will  be  noticed 
that  this  may  take  place  in  one  or  both  of  two  ways :  either  the  rate 
of  wages  may  be  raised,  |)roductivity  remaining  the  same;  or  product- 
ivity may  be  decreased,  the  rate  remaining  unchanged.  Let  us  consider 
the  latter  event  first. 

Now  labor's  productivity,  equal  opportunity  being  assumed,  is  re- 
ducable  to  three  factors, — energy,  time  and  skill.  If  a  workman  puts 
forth  great  effort  for  a  maximum  length  of  time^  on  a  high  plane  of 
skill  he  is  very  productive.  If  anyone  of  the  three  factors  is  lowered 
or  diminished,  his  productivity  decreases. 

Of  course  a  similar  result  would  come  from  poorer  opportunities  in 
natural  environment  or  a  lower  margin.  This  would  not  be  attributable 
to  labor,  however,  and  is  mentioned  only  that  it  ma}'  be  borne  in  mind 
as  an  alternative  or  modifying  factor. 

Does  organized  labor,  then,  decrease  productivity  relatively  to  wage? 
If  so,  through  which   of  the  preceding  factors  does   it  operate? 

As  to  the  energy  factor,  I  am  unable  to  get  any  data  which  can  be 
taken  as  proof.  It  is  a  matter  of  common  knowledge  that  the  "go-easy'' 
or  ''make-Avork"  or  Avork-fund  idea  has  been  widespread  and  still  ex- 
ists. We  know  that  laborei'S  work  harder  in  years  of  depression  than 
in  boom  periods,  etc.  But  these  ideas  and  moral  characteristics  are 
not  confined  to  union  laborers,  and  are  becoming  more  and  more  dis- 
claimed by  union  leaders.  It  seems  that  all  that  can  be  said  is  (1)  that 
if  the  go-easy  policy  obtains  among  all  laborers  equally  prices  will  not 
be  affected  by  it;  (2)  that  if  in  particular  trades  laborers  have  adopted 
this  policy  within  recent  years,  recent  price  advances  in  such  trades 
might  be  due  to  this  policy;  (3)  that  we  have  small  reason,  however, 
to  lay  the  exercise  of  this  policy  at  the  door  of  organized  labor,  and 
none  for  attributing  to  it  the  recent  rise  in  prices,  for  there  is  no 
evidence  of  any  recent  change  in  this  regard. 

More  evidence  can  be  obtained  as  to  the  second  or  time  factor.  There 
has  been  a  steady  decrease  in  hours  throughout  the  decade,  the  index 
number  for  1898  begiug  99.7-  while  that  for  1907  was  95.0, — a  decrease 
of  4.7%.  The  demand  for  and  prevalence  of  the  eight-hour  day  is 
greater   than   ever   before.     To   the   extent   that   this   means   decreased 

^From    a    long-time   point    of   view    the   worliing   day    would    not    be   so    long   as   to    shorten 
the  total   working  period  of   the  laborer's   life  unduly. 
^Average    for    1890-99^100. 
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productivity^  generally,  it  means  less  product  \yev  laborer,  and  might 
mean  a  decrease  in  the  "national  dividend"  or  "social  income."  This 
would  be  a  misfortune,  but  it  would  necessitate  no  change  in  general 
price  levels.  Only  when  confined  to  particular  industries  or  trades, 
and  not  generalized,  could  exchange  values  and  prices  be  affected. 
\yhat,  then,  are  the  facts? 

The  average  index  number  of  hours  per  week  for  15  relatively  weakly 
organized  industries  was  9G.2  in  1907.  In  the  same  year  the  average 
for  8  strongly  organized  industries  was  93, — a  difference  of  3%  in  favor 
of  the  stronger  unions.  When  it  is  observed  that  such  strongly  union- 
ized workers  as  cigar  makers,  and  blacksmiths  and  horse  shoers  have 
index  numbers  of  99.5  and  94.1  respectively ;  while  common  laborers  in 
foundry  and  machine  shops,  lumber,  and  jiaper  and  wood  pulp  have 
95.3,  95.2.  and  94.5,  respectively,  the  difficulty  of  drawing  conclusions 
is  apparent.- 

I  conclude  that  on  the  whole  organized  labor  has  forced  greater  re- 
ductions in  hours  than  have  occurred  in  the  case  of  unorganized  laborers 
and  that  other  things  heing  equal  this  would  tend  to  raise  the  particu- 
lar prices  of  the  good  they  produce.  Whether  other  things  have  been 
equal  and  prices  of  organized  labor's  products  have  risen  at  the  ex- 
pense of  other  products  will  appear  ia  a  moment. 

As  regards  the  third  factor,  skill,  I  must  be  content  with  observing 
ihat  to  the  extent  trade  unions  force  employers  to  use  skilled  men  where 
unskilled  men — handymen,  helpere,  etc. — could  do  the  work,  they  may 
virtually  decrease  productivity  relatively  to  wage,  or,  more  simpl}', 
increase  or  jtrevent  a  decrease  in  cost.  To  what  extent  this  is  done  there 
is  no  melius  of  learning.''  (Of  course,  if  skill  l>e  considered  alone  or  ab- 
solutely, and  not  in  relation  to  cost,  it  will  generally  be  admitted  that 
on  the  average  the  most  skilled  men  of  the  craft  will  l)elong  to  the  union 
and  unions  rather  foster  than  decrease  skill.) 
(b).     Wage  Rates. 

As  to  the  movement  of  the  other  factor  in  "relative  productivity," 
i.  e.,  of  rates  of  wages,  some  inferences  may  be  drawn  from  the  statistics 

'Shorter  hours  may  increase  energy  and  skill. 

-Table    showing    relative    hours    per    week    for    weakly    organized    and    strongly    organized 
industries  : 

Weak.  Strong. 

Agricultural     Implements 96.3  Bread    91.6 

Boots   and    Shoes    06.0  Blacksmith    and    horseshoeing 94.1 

Carpets     98.6  Building     90.6 

Cars    95.9  Harness    9.5 . 9 

Cotton   Goods 96.8  Brewery     87.0 

Electrical   Apparatus  and   Supplies..  93.3  Stone   and    Marble 93.6 

Foundry  and  Machine   Shop 94 . 6  Printing     92 . 4 

Gas     96.1  Cigars    99.5 

Glass    98 . 6  

Hosiery  and  Knit  Goods 97.7  93.0 

Iron    and    Steel-*     Bessemer     90.5 

aon   ana   Meei  ,     gj^^^     100.fi 

Leather     99 . 9 

Paper    8&.9 

Silk    97.6 

Woolen   Goods    98 . 0 


06.2 

''Nice  questions  of  social  justice   would  be   involved   in  answering  the  question,   might    this 
not  be  done  justly,  as  a  short-time  policy,  anyhow? 
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of  wages  aud  hours  of  labor  from  1890-1907.^  From  the  table  on  page 
10.  I  eonchide  that  of  those  rises  in  wages  whicli  are  above  the  average 
rise  there  are  more  in  case  of  weakly  organized  trades  than  in  case  of  a 
strongly  organized  one.  Furthermore,  the  average  of  relative  Avages  in 
1907.  though  it  seems  somewhat  lower  for  weakly  organized  industries 
than  for  strong,  shows  no  such  ditfereuce  as  to  indicate  any  etfeet  of 
unions  on  ]Karticular  i)rices.  The  average  index  nund)er  for  15  weakly 
organized  trades  was  125;  for  8  relatively  strong  trades  it  was  130, 


Weak. 

Agricultural  Implements..  .  .  130.9 

Boots  and  Shoes 124.3 

Carpets    117 . 1 

Cars   124.4 

Cotton  Goods 157.5 

Electrical     Apparatus     and 

Supplies 122.6 

Foundrv  and  Machine  Shop.  121.4 

Gas   ..." 129.4 

Glass    123.5 

Hosierv  and  Knit  Goods.  . .  .  133.4 

T  '  A     ^    ^    f     Bessemer  119.8 

Iron  and  steel   |     ^j^^^  _^32  ^ 

leather    111.8 

Silk  Goods    110.9 

Slaughter  and  Meat  Packing  110.0 

Woolen 131.9 


Strong. 

Bread    128.9 

Blacksnnthing     nnd      Horse 

Shoeing 126.4 

Building 144.6 

Harness    123.5 

Brewery    132.9 

Stone  and  Marble 125,7 

Printing 126.8 

Cigars    132.4 


130.1 


125.8 


Can  we  not  infer,  then,  that  //  other  tJnn(/s  were  equal  the  tendency 
of  labor  organization  would  be  through  effecting  relative  productivity 
to  cause  higher  jtrices  in  the  organized  part  of  the  industrial  tteld  than 
in  the  unorganized,  and  also  in  the  strongly  organized  as  compared 
with  the  weakly  organized  part;  and  (2)  that  the  scanty  statistics  as 
to  hours  and  wage  rates  show  that  on  the  average  this  is  the  case, 
though  (3)   no  such  marked  differences  as  might  be  sui)i)Osed  appear. 

Inasmuch  as  positive  conclusions  from  this  examination  of  the  pos- 
sibilities and  actualities  of  the  more  immediate  means  of  affecting 
prices  are  so  meagre  we  must  seek  results  elsewhere.  We  have  con- 
cluded that  the  only  way  in  which  laborers  can  effect  a  rise  in  ])rices 
is  to  decrease  relative  productivity  in  a  particular  industry  or  group 
of  industries  through  one  or  more  of  the  factors  just  briefly  discussed. 
But  the  ability  to  make  such  a  decrease  dejiends  upon  the  strength  of 
organization — of  the  union :  just  as.  in  so  far  as  ]trices  are  concerned, 
a  union  can-  work  only  through  a  change  in  relative  productivity,  so  the 
capacity  to  affect  relative  productivity  and  i>rices  depends  upon  the 
strength    of   the   union. 

To  be  sure  we  can  not  measure  changes  in  relative  productivity. 
Merely   a    few   deductions   have   been  .  suggested.      Therefore,    when    a 


'Bulletin,  Bureau  of  Labor,   Xo.  77. 
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presence  or  absence  of  such  j)i-ice  changes  as  altered  relative  product- 
ivity would  effect  is  found  corresponding-  with  the  strength  of  labor 
organization,  I  can  not  be  so  sure  as  to  a  causal  connection.  But 
knowing  something  of  the  possibility  and  tendency  of  labor  organiza- 
tion in  this  regard  some  deductions  may  be  drawn  when  strength  of 
organization  is  found  coupled  with  relatively  low  prices,  and  rice  versa. 
In  a  word,  conclusions  negative  so  far  as  causes  are  concerned  may  be 
drawn,  and  for  the  problem  concerning  the  relation  of  organized  labor 
to  prices  negative  conclusions  are  all  that  is  necessary. 
2.     Strength  of  Organization   and  Prices. 

I  take  it  that  to  show  by  good  statistics  that  prices  have  risen  as  fast 
and  as  much  in  weakly  organized  or  unorganized  industries  as  in  those 
which  have  strong  unions,  will  disprove  the  common  contention.  Take, 
then,  the  most  general  comparison  available, — that  l)etween  raw  ma- 
terials and  manufactured  goods.  It  matters  not  that  the  line  can  not  be 
drawn  exactly.  It  is  reasonably  certain  that  trade  unions  have  their 
great  strength  in  the  more  skilled  manufacturing  industries;  and,  that, 
with  the  exception  of  a  considerable  part  of  the  bituminous  coal  pro- 
ducing industry,  the  laborers  engaged  in  producing  raw  materials  are 
unorganized  or  but  weakly  organized.  Yet  the  latest  statistics  show  ad- 
vances in  the  index  number  of  wholesale  jtrices  to  125.5  in  the  case  of 
raw  materials  and  to  but  122.2  for  manufacturers,  the  average  for 
1890-99  being  100.^ 

RELATIVE  PRICES   IX  UXORGAXIZED  IXDUSTRIES. 

1908.  1907. 

Cotton    134.8  153.0 

Grain    163.0  148.3 

Livestock    122.3  129.7 

Average  Farm  Products 133.1  137.1 

Fish  124.9  128.3 

Milk    131.4  129.0 

Effffs    142,0  141.2. 


-toto^ 


Average  Food  Products 120.6  117.8 


'e^ 


Jute:  Eaw 140.4  184.4 

Average  Misc 119.9  127.1 

More  particularly.  Farm  products  head  the  list  of  certain  great 
groups  at  133.1,  the  average  for  all  products  being  122.8.  Next  come 
lumber  and  building  material  at  133.  Foods  are  estimated  at  120.0. 
On  the  other  hand  clothes  and  clothing  have  risen  to  11(3.9 ;  house  fur- 
nishings to  114 ;  metals  and  implements  to  125.4 ;  and  fuel  and  light  to 
130.8, — the  last  containing  many  non-union  and  weakly  organized  oc- 
cupatious.- 

But  let  us  make  the  comparison  still  more  particular,  and  more  direct. 
Take  a  group  of  industries  in  which  unionism  is  strong  and  compare 
those  with  other  industries  in  which  it  is  weak.  Here  the  difficulty 
w^hich  at  once  confronts  one  is  that  we  do  not  know  with  anv  accuracv 


^Bull.   Bur.   Labor,  Xo.   81.  p.  209.      Wholesale  price.s,   1890-1908. 

^The  diffleulty  here  lies  in  the  fact  that  each  of  tliese  groups — except  the  first — contains 
some  strongly  organized  trades.  Conclusions  are  difficult  except  as  we  roughly  estimate 
the  relative  extent  of  such  organization. 
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what  the  weak  and  what  the  strong  ones  are.  And  in  other  cases  some 
knowledge  on  this  i)oint  may  avail  ns  nothing  in  tliat  it  would  be  im- 
possible to  estimate  what  part  of  the  product  whose  price  has  risen  is 
assignable  to  the  known  union.  It  goes  without  saying  that  mere  abso- 
lute numbers,  notoriety,  etc.,  are  scant  evidence  of  strength.  It  is  nec- 
essary to  turn  aside  for  a  moment  to  pick  our  strong  and  weak  unions. 

In  the  report  of  the  Commissioner  of  Labor  for  lOOG  there  are  sundry 
tables  concerning  the  number,  extent,  and  success  of  strikes  by  States 
and  by  industries  for  the  years  1881  to  1005.  On  page  33,  for  example, 
a  table  shows  the  percentages  of  strikes  ordered  by  labor  organizations 
by  industries.  I  find 'that  in  a  considerable  number  of  ijidustries  a  large 
})ercentage  of  strikes  is  not  ordered  by  such  organizations.^  This  proves 
nothing  for  my  purposes,  it  is  true.  It  does  not  indicate  much  as  to  the 
strength  of  any  particular  trade  organization  in  some  cases,  and  is  not 
conclusive  in  any  case.  It  merely  affords  some  presumption  as  to  the 
average  control  of  trade  unions  in  a  whole  industry  for  a  series  of  25 
years, — control  over  the  declaration  of  strikes. 

The  result  is  virtually  identical  if  the  percentage  of  establishments 
affected  by  strikes  declared  by  organized  labor  be  taken  rather  than  th^ 
number  of  strikes. 

But  other  tests  remain.  What  proportion  of  the  employes  went  out  on 
strike  when  ordered  by  labor  organizations?  i.  e.,  how  inclusive  were 
the  unions?  I. find  that  the  list  of  low  percentages  is  almost  identical 
with  the  list  judged  to  be  weak  on  the  preceding  basis.  Perhaps  8  of 
the  industries  indicated  as  weakly  organized  by  the  preceding  test  show 
greater  strength- ;  while  4  industries  would  be  added  to  the  weak  list.^ 

I  turn  to  another  table  which  shows  the  results  of  the  strikes  ordered 
by  labor  organizations  during  the  same  25  years.  On  the  whole  there  is 
a  very  striking  similarity  in  the  indications  as  to  strength  and  weak- 
ness. The  result  of  applying  the  new  test  is  that  a  question  mark  must 
be  placed  after  5  out  of  the  list  of  32  suspected  of  weakness  on  the  i>re- 
ceding  bases;*  while  one  additional  industry  shows  weak  labor  organiza- 
tion in  a  large  percentage  of  strike  failures  (strt.  ry.) 

^Agriculture.  Iron  and  steel. 

Brass  and  brass  goods.  Leather. 

Brick  and  tile.  Lime  and  cement. 

Canning  and  preserving.  Lumber  and  timber  products. 

Car  building.  Mining,  ore. 

Carpets.  Paper  and   paper  goods. 

Coal  and  coke.              *  Pottery. 

Cotton  goods.  Railroad,  canal  and  road  building. 

Cutlery,  etc.  Railroad  transportation. 

Freight  handling  and   teaming.  Rubber  goods. 

Gas.  Silk  goods. 

Glass.  Smelting  and  refining. 

Hardware.  Tobacco,   chewing  and  smoking. 

Hosiery  and  knit  goods.  Woolen  goods. 

^Agriculture   (69%).  <^°^  «i"  ^wo  others.) 

Brick  and  tile   (72%).  •''Boots  and  shoes. 

Coal  and  coke    (76%).  Foundry  and  machine  shop. 

Freiglit  handling  and  teaming    (63%).  Slaughtering  and  meat  packing. 

Lumber  and  timber   (55%).  Stoves    and    furnaces. 

Mining,   ore    (57%). 

Silk  goods    (51%). 

Smelting  and   refining    (53%) — the  last  two  are  obviously  not  strong. 

■•flosiery  and  knit  goods. 
Lumber  and  timber  products. 
Paper  goods. 
Pottery. 

Tobacco,  chewing  and   smoking. 
However,    91%    of    strikes    in    hosiery,    etc.,    were    "unorganized"    and    61%    of    (lU    strikes 
failed.      Taking   all    strikes,    49%    failed    in    lumber,    which    is   above    the   average,    and    paper 
goods  and  pottery  are  only  average  in  success  on  the  same  basis. 
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Finally,  there  is  a  tal)le  of  strikes  settled  by  joint  agreement,  that  is> 
between  officials  representing  organizations  on  both  sides.  Surely  those 
industries  in  which  strikes  are  largely  settled  in  this  way  are  strongly 
organized,  though  perhaps  not  vice  versa.  Xot  one  of  the  industries 
showing  any  considerable  percentage  of  strikes  so  settled  falls  in  our 
list  of  weak  unions,  unless  it  be  decided  that  freight  handling  and  team- 
ing and  coal  and  coke  are  weak.^ 

It  may  be  added  that  an  examination  of  the  statistics  published  by 
the  Connecticut  bureau  showing  movement  of  number  of  employes, 
wages,  and  hours  by  industries  may  be  made  the  basis  for  conclusions 
which  support  the  preceding. 

The  net  result  of  the  inquiry  is  the  conclusion  that  the  following  in- 
dustries taken  as  a  whole  show  that  labor  organization  is  least  effective 
in  them. 

Rubber  goods. 

Canning  and   preserving. 

Mining,  ore. 

Cotton  goods. 

Hosiery  and  knit  goods. 

Hardware. 

Iron  and  steel. 

Car  building. 

Carpets. 

Woolen  goods. 

Silk  goods. 

Leather. 

Those  industries  in  which  unions  seem  most  effective  are: 

Blacksmithing  and  horseshoeing. 

Men's  clothing. 

Bakery. 

Brewing. 

Building  trades. 

Gloves  and  mittens. 

Stone  quarrying  and  cutting. 

Tin  and  sheet  metal  goods. 

Coal  and  coke  shows  strong  in  extent  and  inclusiveness  of  organiza- 
tion, but  rather  weak  in  failures  of  organized  strikes  (47%).  It  seems 
clear  that  labor  organization  is  strong  in  a  considerable  part  of  the 
bituminous  coal  area,  but  Aveak  elsewhere. 

Returning  to  the  comparison,  to  make  which  we  turned  aside  to  in- 
quire into  the  relative  strength  of  labor  organizations  in  various  in- 
dustries, the  conclusion  must  be  draAvn  that  no  appreciable  effect  of 
organized  labor  on  the  rise  of  particular  prices  during  the  last  decade 
is  apparent.  Comparisons  are  available  for  the  following  weakly  or- 
ganized industries: 

^The  most   notable,   taking  number   and  per  cent,   into   consideration : 
Blaclismithing  and  horseshoeing. 
Brewing. 
Building  trades. 
Coal  and  coke. 

stone  quarrying  and  cutting. 
Others    are :      Men's    clothing,    freight    handling,    planing    mill    products,    and    clgar-s    and 
cigarettes. 
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1908.  1907. 

Rope,  twiue  and  huiiiiing- 121.0  138.0 

Cotton  goods ". 115.2  138.0 

Carpets 118.9  123.2 

Iron  and  steel 113.9  135.3 

Woolen  goods  122.7  128.0 

Tools  113.6  115.7 

Boots  and  shoes 121.3  125.9 


Average    118.0  128.4 


^& 


The  average  relative  prices  for  the  gi'oup  of  7  is  118  in  1908,  and 
128.4  in  1907. 

I  exjjerienced  more  difficulty  in  finding  strongly  organized  industries 
for  which  prices  were  available.  Among  the  strongest  only  two  such 
were  found  (bread  and  coal)  neither  of  which  affords  satisfactory  con- 
clusions. But  adding  five  of  those  wiiich  were  much  stronger  than  the 
ones  included  above,  1  find  that  the  average  relative  price  for  the  years 
1908  and  1907,  respectively,  is  119.0  and  119.9. 

1908.  1907. 

Bread 113.6  111.4 

Coal  132.7  134.2 

Lime  and  Cement   107 . 4  104 . 3 

Tin  and  Sheet  Metal   110.5  115.7 

Tobacco:   Chewing  and   Smoking    118.3  118.3 

Paper    86.7  87.4 

Lumber  and  Timber   164 . 0  168 . 6 


Average  119.0  119.9 

Thus  in  1908  the  index  number  of  prices  in  7  weakly  organized  in- 
dustries was  one  point  lower  than  in  7  relatively  strongly  organized 
ones;  while  in  1907  it  was  actually  8.5  points  higher.  The  year  1908 
was  one  of  generally  lower  wholesale  jirices  than  in  1907,  and  it  is  not 
without  significance  to  note  that  the  more  strongly  organized  industries 
showed  the  smaller  decrease. 

Massachusetts  statistics  show  that  for  the  year  ending  September 
30,  1907,  98%  of  advances  in  wages  occurred  without  strike.  And  of 
these  at  least  67%  were  not  the  I'esult  of  any  immediate  union  activity. 
The  amount  of  the  advance,  however,  was  somewhat  less  than  in  the 
33%  in  which  unions  figured.^ 

^First  Annual  Report  on  Changes  in   Rates  of  Wages. 
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IV.       COST    OF    LIVING. 

If  the  conohision  is  that  wages  have  risen  rather  as  a  result  of  high 
prices  thau  as  a  cause,  the  next  question  is,  what  lias  been  the  effect 
upon  the  wage  earner?  This  brings  me  to  the  subject  of  cost  of  living 
and  purchasing  power  of  wages.  At  least  three  investigations  of  this 
general  phase  of  the  matter  are  Avorth  mentioning:  that  by  the  United 
States  Jiureau  of  Labor  on  retail  prices  of  food,  1890-1907;^  the  more 
recent  one  made  by  the  New  York  Bureau  of  Labor;-  and  the  index 
numbers  of  retail  prices  i>ublished  currently  l)y  the  New  Jersey  Bureau 
of  Labor. 

The  results  obtained  by  the  national  bureau  of  labor  for  1907  show  a 
rise  in  full-time  weekly  earnings  to  122.4  and  a  rise  in  the  weighted  aver- 
age of  retail  prices  of  food  to  12U.C.  Taking  the  average  for  1890-99  as 
100  this  means  a  relative  purchasing  power  of  101. .5.  That  is,  average 
weeklv  earnings  will  buy  1..5%  more  food  in  1907  than  on  the  average 
for  tlie  decade  1890-1899;  about  the  same  as  in  1898  and  1899;  1.5% 
less  than  in  1900,  and  9%  less  than  1900.  This  comparison  is  inade- 
quate, of  course,  in  that  food  alone  is  considered.  When  we  remember 
that  the  wholesale  prices  published  by  the  bureau  indicate  an  even 
greater  rise  in  cotton,  furniture,  metals  and  implements,  lumber  and 
luiilding  materials,  and  such  miscellaneous  commodities  as  rubber, 
rope,  and  malt,  the  situation  is  scarcely  one  for  optimism. 

Nor  is  this  all.  It  is  obvious  that  no  allowance  is  made  for  pro- 
gress,— for  an  advance  in  standards  of  living.  This  procedure  runs 
counter  to  the  spirit  of  American  economic  theoiy  and  would  be  ac- 
cepted by  few.  To  be  sure  it  is  impossible  to  make  any  exact  allowance 
for  this  element,  but  when  purchasing  power  of  average  earnings  re- 
mains as  loAV  or  lower  at  the  end  of  a  decade  as  at  the  beginning, 
there  is  ground  for  some  degree  of  pessimism. 

The  figures^  obtained  by  the  New  York  bureau  appear  more  satis- 
factory, yet  the  statistician  points  to  the  omission  of  the  standard  of 
living  element  and  is  not  at  all  optimistic  in  his  tone. 

Briefly   the   results   are   these,    1907    being   compared   with    1897: 

Betail  Prices   (1899—01=100)  Income. 

Food    128       Wages  rate    (union)     122.9 

Rent    124       Average   Quarterly 

Fuel 115  Earnings    .    ...*..     131 .2 

Light    84 

(Nothing   120 

Furniture    and     rten- 

sils    119 

Average    122 

The  New  Jersey  Bureau  compiles  for  various  representative  localities 
•statistics  of  the  retail  prices  of  table  supplies,  all  those  articles  of  food 
most  commonly  used  by  families  of  average  means  being  included. 
Taking  the  average  of  the  years  1899-1901  as  100  and  reducing  the  costs 


^No.   77. 

22.5th  Report,  Bureau  of  Labor  Statistics,  Chapter  V. 

^Retail    prices    obtained    from    representative    Arms    and    averaged,    being    weighted    accord- 
ing to  the  method  used  by  the  Ignited  States  Bureau. 

17 
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of  such  a  bill  of  goods  in  the  various  years  of  the  decade  to  index  num- 
bers, I  find  tlie  result  shows  a  relative  price  of  104.5  in  1901,  109.4  in 
1904,  and  123.1  in  1907.  These,  however,  are  the  hig-h  points.  Such 
truth  as  there  is  in  the  New  Jersey  figures  is  best  presented  by  taking 
three-year  averages.  The  average  for  the  index  numbers  for  the  three 
years  1899-01  equals  99.9;  for  1902-04  equals  102.5;  for  1905-08  equals 
107.3. 

It  will  be  remembered  that  the  New  Jersey  average  wage  produced 
an  index  number  of  11G.9  in  1907,  Avliich  shows  rather  darkly  against 
the  food  index  of  123.  The  comparison  is  difficult,  however,  in  that 
the  i)rices  show  such  great  fluctuations,  and  smoothing  the  curve  by 
taking  two  or  three-year  averages  brings  much  brighter  results. 

It  is  hardly  necessary  to  add  that,  according  to  the  law^  formulated 
in  the  above  brief  discussion  of  prices,  the  advance  has  come  in  just 
tliose  commodities  which  Engel  and  other  investigators  have  shown  to 
form  the  great  percentage  of  the  laborers'  budgets  and  for  which  there 
is  a  relatively  inelastic  demand.  The  result  is  that  the  laborer^  is  hit 
in  the  hardest  way,  hit  "right  wliere  he  lives,"  as  we  say,  and  is  hit 
harder  than  those  of  any  other  class. 

i^Kiuniari/:  After  indicating  that  general  prices  have  not  been  affected 
by  labor  organizations  I  took  up  the  question  of  particular  wages  and 
prices,  in  the  transition  noting  that  changes  in  ])rice  and  wage  levels 
become  general  through  changes  in  particular  prices  and  wages  be- 
ginning where  scarcity  meets  an  inelastic  demand.  As  to  particular 
prices  the  theoretical  possibilities  of  labor  organizations  were  pointed 
out  and  the  conclusion  that  there  has  been  no  great  nor  widespread 
effect  upon  them.  Organized  labor  has  reduced  hours,  but  it  is  not  clear 
to  what  extent  this  means  decreased  productivih-  nor  has  the  reduc- 
tion been  confined  to  organized  labor.  There  seems  to  be  no  great  dif- 
ference in  price  movements  as  between  strongly  organized  and  weakly 
organized  industries,  while  the  greatest  advances  have  come  in  unorgan- 
ized industries.  In  fact  it  is  not  clear  that  wages  have  risen  adeipiately. 
Making  no  allowance  for  increase  in  standard  of  living  average  relative 
Avages  had  risen  to  a  greater  extent  than  average  relative  prices  in  1907 ; 
but  the  price  and  wage  lines  were  converging  and  I  do  not  carry  away 
an  optimistic  feeling  from  my  study.  The  present  demands  for  wage 
advances  being  made  all  around  us  and  largely  gi-anted  by  employers 
are  indicative  of  the  situation  and  show  the  hope  and  the  benefit  of 
labor  organization. 

April  1910. 


^Including  lower-salaried  workers. 
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THE  INFLUENCE  OF  THE  TAEIFF  AND  MONOPOLY  UPON  THE 

INCREASING  COST  OF  LIVING. 

FRANK   TRACY   CARLTON. 

It  is  oiilv  statiiiji  a  Iriiisiii  to  remark  that  tlie  causes  of  social  and 
econouiic  phenoinena  are  complex  and  often  hidden  rather  than  simple 
and  readily  a])parent.  Many  potent  forces  have  been  acting  dnring'  the 
period  189G  to  11)10  to  raise  the  price  level,  and,  therefore,  to  increase 
the  cost  of  living, — -among  such  agencies  are  the  increasing  supply  of 
gold,  the  efforts  of  organized  labor,  the  disappearance  of  free  land,  di- 
minishing fertility  of  the  soil,  the  depletion  of  certain  natural  resources^ 
wasteful  methods  of  producing  and  of  consuming,  and  so  on  thru  a  list 
which  is  not  short.  These  and  other  influences  are  afl'ecting  the  price 
level.  Altho  consideration,  in  this  jjaper,  must  be  given  almost  solely 
to  the  influence  of  the  tarift'  and  of  monopoly  upon  the  price  level ;  it 
is  by  no  means  implied  that  there  are  no  other  agencies  of  importance. 

While  indirectly  the  protective  tarifl"  may  have  played  an  important 
role  in  raising  the  price  level  during  the  last  decade  and  a  half;  di- 
rectly it  must  be  assigned  to  a  minor  part.  Two  reasons  may  be  pre- 
sented in  order  to  substantiate  the  latter  part  of  the  above  statement 
which  is  diametrically  opposed  to  arguments  frequently  presented. 
(1)  Attention  is  directed  to  the  fact  that  no  important  change  in  the 
tariff  has  taken  place  since  1890 ;  or,  if  this  be  questioned,  certainly 
not  since  1807.  In  the  absence  of  monopoly,  or  in  other  words  in  the 
presence  of  competition,  prices  soon  adjust  themselves  to  new  tariffs. 
Important  changes  in  prices  due  to  the  imposition  of  a  tariff"  follow 
closely  the  enforcement  of  such  enactments.  The  tariff'  could  not  di- 
rectly cause  a  gradual  or  a  rapid  increase  in  the  cost  of  living  over  a 
period  of  twelve  or  thirteen  years.  The  imposition  of  a  new  tariff'  might 
cause  a  sudden  upward  price  movement;  but  a  uniform  price  level  would 
soon  be  attained  and  maintained  unless  other  and  disturbing  influences 
intervened.  The  tariff  may  cause  high  prices;  but  it,  acting  alone,  will 
not  cause  prices  to  gradually  rise  thruout  a  period  of  years.  The  rapid 
upward  trend  of  prices  during  the  last  few  months  may  possibly  be  due 
to  the  passage  of  the  Payne-AIdrich  bill;  but  if  the  upward  trend  con- 
tinues it  must  be  attributed  to  the  action  of  other  forces  or  to  the 
indirect  effect  of  the  new  tariff'.  Before  this  group  of  students  of  ec- 
onomics, it  is  surely  unnecessary  to  enter  into  a  detailed  discussion 
of  this  point. 

(2)  In  these  days  of  full-grown  industry  in  the  United  States  a 
I'.rotective  tariff"  \\\wn  articles  Avhich  Americans  are  manufacturing  on 
a  large  scale  will  have  little  or  no  efl'ect,  except  temporarily,  upon 
prices, — providing  competition  actually  exists  as  a  potent  force  on  this-, 
side  of  the  Atlantic.  Of  course  this  statement  may  not  hold  true  in  the^ 
case  of  all  articles  of  home  manufacture.  Other  countries  may  have 
certain  special  advantages  in  the  manufacture  of  certain  products.  It 
seems  reasonable,  however,  to  assert  that  without  monopoly  or  consider- 
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able  interference  with  the  freedom  of  competition,  an-  old  tariff  placed 
upon  staple  products  of  American  agriculture  or  American  manufacture 
will  have  little  effect  upon  prices.  Manv  argue  that  wages  are  higher 
in  this  country  than  abroad  and  therefore  the  prices  of  certain  goods 
will  necessarily  be  higher  in  this  country  than  abroad ;  but  in  view 
of  the  multiplication  and  cheapening  of  the  means  of  communication 
and  of  transi)ortation.  in  ^'iew  of  the  hirge  numbers  of  immigrants  which 
are  annually  added  to  our  labor  supjvly.  and  in  view  of  the  low  average 
annual  wage  paid  in  this  country,  it  is  not  unfair  to  declare  that  it 
is  not  proven  that  wages  in  comparison  with  output  are  higher  in  the 
United  States  than  in  England  or  Germany. 

In  so  far  as  the  tariff  is  a  factor  in  raising  the  prices  of  products 
which  are  regiilarlj-  produced  within  the  country  in  quantities  sufficient 
to  satisfy  the  home  deinand,  its  action  is  the  result  of  the  development 
of  monopoly,  partial  or  complete.  The  existence  of  the  tariff'  wall  may 
have  hastened  such  development  as  the  tariff'  wall  wards  off  the  danger 
of  outside  competition. 

It  is  granted  that  a  tariff  on  goods  not  produced  within  the  country 
or  produced  only  in  small  quantities  will  directly  affect  prices;  but  the 
effect  will  be  noticeable  soon  after  the  imposition  of  the  tariff'.  The 
effect,  as  before  stated,  of  such  a  tariff  will  not  be  such  as  to  cause  a 
constant  upward  trend  of  prices.  But  barring  these  cases  which  may 
arise  under  a  tariff  for  revenue  only  as  well. as  under  a  tariff  which 
is  primarily  protective,  the  problem  before  us  may  be  reduced  to  a  con- 
sideration of  the  indirect  effect  of  the  tariff. 

On  the  other  hand,  a  protective  tariff  accompanied  by  monopoly  or  by 
interference  with  freedom  of  competition,  may  be  indirectly  a  very  po- 
tent force  in  affecting  the  price  level  of  the  protected  articles,  and,  by 
working  back  into  the  expenses  of  other  than  protected  businesses,  the 
price  level  of  a  multitude  of  articles  and  services.  The  tariff  is,  there- 
fore, chiefly  important  in  the  discussion  of  the  increasing  cost  of  living 
in  so  far  as  it  has  fostered  monopoly  or  has  hastened  the  organization 
of  combinations  which  tend  to  destroy  competition.  Our  problem  may 
now  be  restated  by  omitting  the  word  tariff  from  the  title.  What  is  the 
relation  between  the  development  of  monopoly  and  the  increasing  cost 
of  living? 

The  normal  effect — the  effect  in  the  absence  of  monopoly — of  the  de- 
velopment of  large-scale,  systematized  industry  is  to  reduce  the  expenses 
of  production,  and,  therefore,  to  reduce  the  level  of  prices  for  all 
articles  made  under  large-scale  industrial  methods.  The  period  of  rising 
prices,  1896  to  the  present  moment,  has  also  been  an  era  of  consolida- 
tion and  integration  of  industry,  accompanied  by  the  speeding  up  of 
workers  and  machines  and  by  an  increase  in  the  product  turned  out 
per  wage  earner.  Looking  at  the  matter  solely  from  the  side  of  in- 
dustrial management,  the  period,  1890  to  1910,  should  have  been  one  of 
declining  prices.  On  the  contrary,  this  era  marked  by  iinjiroved  in- 
dustrial efficiency,  has  been  one  rapidly  rising  i>rices. 

The  swelling  gold  supply  is  one  potent  force  wliich  has  caused  the 
price  level  to  rise;  but  this  agency  ought  to  act  fairly  uniformly  thruout 
the  Western  World.  An  official  English  Report  estimates  that  food 
prices   in    that   country   increased   nearly   eight   per  cent   in    the   period, 
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1896  to  1900.  The  U.  S.  Bureau  of  Labor  estimates  that  the  price  of 
food  on  thi?  side  of  the  Atlantic  was  raised  over  twenty  per  cent  during 
the  same  ten  year  period.  The  London  Economist  has  tabulated  an  in- 
dex number  which  shows  an  increase  of  27  per  cent,  June,  1897  to  Janu- 
ary, 1910.  Bradstreet's  index  number  shows  an  increase  of  61.9  per 
cent  from  July  1,  1896  to  January  1,  1910.  Professor  Norton  of  Yale 
estimates  that  the  ratio  of  the  recent  jirice  advance  in  the  United  States 
to  that  in  England  is  as  3  to  2.  A  German  statistician  has  estimated 
that  the  appreciation  in  the  price  of  the  articles  most  necessary  to  the 
household  of  the  German  wage  earner  was,  during  the  period,  1895-1908, 
a})]iroximately  27Vi:   per  cent. 

Both  the  United  States  and  Germany  have  witnessed  gi'eater  progTess 
toward  industrial  amalgamation  and  systematization  during  the  last 
fifteen  years  than  has  England.  If  the  price  level  is  being  forced  up 
chiefiy  by  an  increasing  gold  supply,  and  if  competition  operated  freely 
behind  tariff  walls;  England,  not  the  United  States  and  Germany, 
should  present  the  most  marked  advance  in  prices.  Evidently,  other 
agencies  have  been  acting  to  raise  the  price  level  during  a  period  when 
consolidation,  integration  and  systematization  of  industry  are  reduc- 
ing the  expenses  of  production.  Is  monopoly  one  of  these  agencies? 
Are  increasing  land  rents,  growing  mono{>oly  gains,  swelling  returns 
from  franchises,  and  the  like,  absorbing  a  larger  and  larger  percentage 
of  the  national  output,  and,  therefore,  acting  so  as  to  tend  to  force  the 
price  level  upward?    Is  the  burden  of  rents  and  of  monopoly  gains  heavy? 

The  Interstate  Commerce  Commission,  Public  Utilities  Commissions, 
the  various  and  sundry  attemps  to  fix  fair  prices,  living  Avages  and  rea- 
sonable rates,  all  point  unmistakably  to  the  general  acceptance  of  the 
opinion  that  competition  is  not  the  living,  active,  vital  force  or  prin- 
ciple which  economic  theory  often  so  vividly  and  enthusiastically  pic- 
tures. In  fact,  competition  has  led  to  combination ;  and  combination 
bulkwarked  behind  protective  tariffs,  franchises,  rights  of  way,  land 
ownership  and  the  economics  of  large-scale  industry  has  been  able  to 
derive  a  variety  of  returns  many  of  which  were  unknown  in  the  realm 
of  untrammeled  competition  as  i)ictured  by  the  classical  and  other 
economists.  Monopoly  is  a  potent  factor  in  the  economic  world;  it 
can  no  longer  be  neglected  in  a  study  of  prices  or  in  a  discussion  of  the 
cost  of  living. 

Industry  in  the  United  States  is  carrying  an  enormous  burden  of 
fictitious  values,  or  of  watered  stock.  These  values  are  created  by  cap- 
italizing the  large  incomes  derived  because  of  the  control  of  various 
market  opportunities,  and  because  of  the  stifling  of  competition.  The 
rapid  trend  away  from  the  small  business  unit  and  competition  toward 
the  large  business  unit  and  the  control  of  prices  by  means  of  combina- 
tions and  agT-eemeuts,  furnishes  a  favorable  opportunity  to  increase  the 
returns  upon  capital  actually  sunk  in  the  business  and  to  capitalize 
those  extraordinary  returns.  The  leveling  force  of  competition  has 
lost  its  potency  in  most  lines  of  industrial  activity;  and  as  yet  we  are 
gToping  in  the  dark  for  a  substitute. 

Not  long  ago  Mr.  John  Moody  estimated  that  about  one-half  of  the 
total  wealth  of  the  nation  is  not  "created"  wealth ;  in  short,  one-half 
of  the  estimated  wealth  is  fictitious,  the  capitalization  of  various  forms 
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of  market  opportunity.  The  financial  columns  of  newspapers  and  maga- 
zines tell  of  "melons"  grown  in  the  corporate  field,  and  of  frequent  stock 
dividends.  But  financial  melons  and  dividends  on  stock  dividends  are 
costly.  These  market  op})ortunity  rents  are  elements  of  business  ex- 
pense as  are  wages  and  interest;  and,  therefore,  financial  melons  and 
rising  prices  are  not  unrelated  phenomena.  It  is  i)erhaps  unnecessary 
to  give  examples  of  the  capitalization  of  nuirket  opportunities.  The 
United  States  Steel  Corporation  paying  dividends  on  both  common  and 
preferred  stock  is  well  known.  A  recent  estimate  in  regard  to  the  Pull- 
man Company  shows  that  the  cash  and  stock  dividends  paid  during  the 
last  twelve  years  aggregates  422  per  cent  on  the  capital  outstanding  in 
1898.  A  conservative  magazine  has  given  this  example  of  over-capitali- 
zation in  the  case  of  a  public  service  corporation  which  serves  several 
villages  in  the  suburban  zone  of  Greater  New  York.  The  aggregate 
plant,  including  all  machinery,  is  capitalized  at  |32,000,000 ;  but  it  is 
not  actually  worth  over  |2,00b.000.  The  consumers  of  its  products  are, 
however,  paying  for  dividends  declared  upon  the  entire  amount. 

In  a  neighboring  city  about  ten  ye<irs  ago,  a  telephone  plant  was  in- 
stalled. The  plant  was  financed  in  the  usual  way.  A  |1,000  five  per 
cent  bond  was  sold  for  |850 ;  and,  as  a  bonus,  ten  shares  of  the  stock 
of  the  company, — par  value  i>er  share,  |100 — were  given  to  the  pur- 
chaser. Tlie  interest  on  the  bonds  has  been  regularly  paid;  and  the 
stock — all  water — has  been  paying  dividends  since  the  end  of  the  third 
or  fourth  year  in  the  life  of  the  company.  The  dividend  rate  is  six  per 
cent.     This  company  is  cited  as  a  typical  case. 

An  official  investigation  made  last  year  in  the  State  of  New  York 
furnishes  some  tangible  evidence  as  to  high  prices.  The  largest  company 
furnishing  milk  and  cream  to  the  people  of  the  city  of  New  York  had 
Issued  stock  to  the  amount  of  |20,00(»,000.  Tangible  assets  to  the  amount 
of  approximately  |5,000,000  were  uncovered;  the  remaining  |15,000,000 
was  declared  to  be  water, — good  will,  market  opportunities,  monopoly 
privileges,  etc.  This  concern  was  paying  six  per  cent  dividends  on  its 
preferred  stock  and  ten  per  cent  on  its  common  stock.  The  price  of 
milk  had  been  raised  from  eight  to  nine  cents  per  quart  because  the 
company  "could  make  no  money"  at  eight  cents.  Another  and  a  smaller, 
company  paid  fifteen  i)er  cent  dividends  in  1008  on  its  capital, — three- 
fifths  of  which  was  declared  to  be  water.  These  companies  are  not  pub- 
lic service  corporations  bulwarked  by  franchises;  they  are  not  gigantic 
trusts;  they  sell  a  highly  i>erishable  conanodity  which  is  a  necessity. 
Lawson  Purdy  estimates  that  the  increase  in  the  value  of  the  naked 
land  in  Greater  New  York  in  the  three  years,  190G-1909,  was  over 
1500,000,000  or  about  flOO  for  every  man,  woman  and  child  residing 
in  that  city.  This  increase  is  but  the  capitalized  value  of  the  increase 
in  rentals,  present  and  prospective;  and  these  rentals  must  be  paid  for, 
no  matter  what  theory  of  the  relation  of  rent  to  price  we  may  see  fit 
to  accept.^  If  the  interest  rate  be  five  per  cent.,  the  increase  in  the 
naked  land  values  in  New  York  City  in  the  ])ast  three  years  has  caused 
an  increase  of  |25.000,000  in  the  total  annual  exjiense  of  living  and  of 
doing  business  in  that  city.  A  real  estate  comininy  is  responsible  for 
the  statement  that  during  the  fifteen  years  from  188.1  to  1900  the  ad- 
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vance  in  the  value  of  laud  iu  Xew  York  City  was  nearly  equal  to  the 
total  advance  for  275  years  preceding  18<S5.  Again,  it  may  be  asserted 
that  increasing  land  values  spell  increasing  land  rents  or  vice  rersa. 
And  jjroductive  industry  must  pay  the  growing  rent  bill  of  the  nation. 

A  considerable  increase  in  land  values  is  not  only  noted  in  the  cities 
and  towns,  but  in  the  case  of  farm  land  as  well.  For  example,  a  Cal- 
houn county  newspaj)er  recently  stated  that  land  values  in  that  connty 
had  nearly  doubled  within  the  past  live  or  six  years. 

Land  rents  and  monopoly  returns,  it  may  be  asserted,  are  two  differ- 
ent kinds  of  income.  It  must  be  granted  that  a  technical  definition  of 
monojioly  will  exclude  up  to  the  present  time  the  ownership  of  land 
from  the  category  of  monopoly.  But  the  ownership  of  a  particular  piece 
of  land  is  an  exclusive  privilege.  There  can  be  no  duplication  of  tluit 
particular  portion  of  the  ear-th's  surface.  To  own  land  is  to  possess 
a  partial  monopoly,  to  be  favored  by  certain  unique  and  special  privi- 
leges.^ At  any  rate,  whether  land  rent  is,  or  is  not,  a  monopoly  return, 
it  will,  let  it  be  repeated,  claim  its  share  of  the  national  dividend, — 
this  is,  for  our  present  purpose,  the  significant  fact.  To  venture  to  esti- 
mate the  per  capita  increase  in  the  total  rent  bill  may  not  be  advisable; 
but  certainly  such  increase  is  no  negligible  quantity,  as  the  one  fairly 
accurate  estimate  in  New  York  City  proves  beyond  controversy. 

Year  after  year,  larger  and  larger  portions  of  the  total  national  divi- 
dend are  being  absorbed  in  market  opportunity  rents  of  various 
sorts, — city  land  rents,  returns  from  franchises  and  rights  of  way,  forced 
gains  of  various  sorts  due  to  the  elimination  of  competition,  and  so  on.- 

An  analysis  of  market  opportunity  rents  will  disclose  at  least  two 
kinds  or  classes, — differential  rents  and  "forced"  or  monopoly  gains.'' 
The  former  are  due  to  unequal  market  opportunities.  Differential  rents 
do  not  directly  cause  high  prices  or  directly  increase  the  cost  of  living. 
On  the  other  hand,  forced  or  monopoly  gains  are  direct  factors  in  raising 
the  price  level,  and  are  potent  factors  in  increasing  the  cost  of  living. 

Time  permits  only  a  brief  reference  to  certain  remedial  measures 
which  are  concerned  with  the  tariff'  and  monopoly.  One  obvious  sug- 
gestion would  be  to  reduce  the  tariff'  on  articles  produced  in  this 
country  under  conditions  which  approximate  monopoly.  This  might 
be  of,  at  least,  some  temporary  value ;  but  it  would  hasten  the  organi- 
zation of  international  combinations  which  in  turn  would  stifle  inter- 
national conq>etition  as  has  intranational  competition  been  eliminated. 
Reduction  of  the  tariff,  aitho  desirable,  is  not  of  vital  importance  as  a 
means  of  preventing  the  upward  trend  in  the  cost  of  living. 

Fundamental  remedies  must  be  of  two  diff'erent  kinds, — those  which 
are  concerned  with  differential  rents  and  those  which  are  concerned 
with  forced  or  monopoly  gains.  The  problem  is  in  part  that  of  distri- 
bution of  wealth.  It  is  not  one  of  lowering  the  general  price  level ;  it 
is  one  of  lowering  specific  prices,  of  eliminating  certain  monopoly  gains, 
and  of  diverting  other  monopoly  gains  from  private  pockets  to  the  pub- 
lic treasury.  The  real  problem  is  to  reduce  the  prices  of  certain  articles 
and  to  increase  the  sum  total  of  services  rendered  by  the  community. 

Some  of  the  remedies  which  will  prove  eff'ective  in  reducing  the  cost 

U'arlton.    "The    Rent    Concept.    Narrowed    and    Broadened."      Quart,    of    Econ.,    Xov.,    1907. 

-Carlton.    "Taxation    and    Capitalization."      The    rublii-.    July    10.    1908. 

•■'"Monopoly"  is  here  used  as  the  term  is  used  by  Professor  lOly  in  "Monopolies  and  Trusts." 
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of  living  are  the  "iueremeiit  tax"  levied  on  increasing  rents  rather  than 
an  increasing  land  values,  increasing  the  tax  rate  on  land  rents,  taxa- 
tion of  franchises  and  of  rights  of  way,  the  regulation  of  rates,  fares 
and  prices,  and  governmental  ownership  of  jmblic  utilities  and  indus- 
tries. The  taxation  of  land  rents  and  of  monoi)oly  returns  will  enable 
the  tax  rate  upon  improvements  and  upon  other  forms  of  capital  invest- 
ment to  be  reduced  or  eliminated;  and  the  expenses  of  production  Avill  in 
turn  be  reduced.  Lands  and  resources  which  are  now  Avithheld  from  use 
would  be  utilized  if  these  forms  of  taxation  were  introduced.  Forms  of 
rent  due  to  monopoly  privileges,  forced  gains  and  the  like  may  be  re- 
duced, eliminated  or  absorbed  thru  proper  governmental  action. 

Obviously,  differential  rents  cannot  be  legislated  out  of  existence; 
but  differential  rents  may  be  utilized  to  pay  the  ordinary  expenses  of 
government  and  to  extend  the  activities  of  government.  In  short,  dif- 
ferential rents  may  be  utilized  to  increase  real  wages.  "Real  wages" 
in  the  accepted  technical  sense  means  the  sum  total  of  the  necessities, 
comforts  and  luxuries  purchased  with  the  money  received  as  wages  by 
the  wage  earner.  But  this  definition  is  too  narrow.  Real  wages  con- 
sists not  only  in  the  goods  and  services  purchased  with  the  money  wage; 
but  also  in  the  services  rendered  to  the  individual  by  the  community. 
The  real  wages  of  individuals  may  be  increased  or  the  cost  of  living 
lowered  by  furnishing  at  small  or  no  expense  to  the  consumer,  the  ser- 
vices of  the  public  schools,  libraries,  parks  and  of  the  health  depart- 
ment, and  such,  commodities  and  services  as  water,  gas,  electric  light, 
telephone  service,  transportation,  milk  and  baked  goods. 

Albion  College,  Mich.,  April,  1910. 
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THE  CAUSES  OF  THE  INCREASED  COST  OF  AGRICULTURAL 

STAPLES  AND  THE  INFLUENCE  OF  THIS  UPON  THE 

RECENT  EVOLUTION  OF  OTHER  OBJECTS  OF 

EXPENDITURE. 

EDWARP    D.    .TONES. 

A  review  of  the  history  of  agricnltiiral  prices  shows  that  between 
1870  and  1900  there  is  a  period  of  30  years  during'  which  an  inijiortant 
group  of  agricultural  products  was  low  in  price.  Witliin  this  period 
the  lowest  prices  were  experienced  in  the  nineties/  and  especially  in 
the  latter  part  of  them.  During  the  year  1000  a  change  took  place  and 
since  that  time,  with  some  irregularities,  but  especially  in  the  years 
1901,  1904  and  1907-  prices  have  been  moving  upwards  at  first  gradually, 
then  rapidly.  The  level  of  the  eighties  was  passed  about  1904.  The 
present  prices  of  corn  are  above  and  of  wheat  very  nearly  the  levels  of 
the  last  five  years  of  the  60s. 

These  advancing  prices  of  recent  years  have  for  some  time  been  a 
matter  of  general  comment  and  if  they  are  a  return  to  normal  prices 
the  change  is  keenl}'  felt  because  of  the  long  period  of  low  prices  by 
which  they  have  been  preceded. 
EdhdHStion   of  Free  Land. 

This  thirty  year  period  of  low  prices  was  the  result  of  the  develop- 
ment of  the  wonderfully  effective  American  mechanical  methods  of  ex- 
tensive single-crop  farming,  and  of  the  opening  of  a  vast  area  to  the 
market  in  advance  of  dense  settlement,  by  extensive  railway  construc- 
tion. For  a  time  the  fact  that  this  was  an  exi>loitive  process  w^as  its 
chief  merit  and  was  an  inevitable  result  of  the  conditions.  When  old 
lands  were  abandoned  equally  fertile  ones  could  easily  be  annexed  to 
the  agricultural  area  in  the  Avest.  P>ut  of  late  years  warnings  have  been 
frequently  heard  that  the  process,  depending  upon  free  land  of  standard 
fertility,  was  coming  to  an  end.  Especially  was  attention  directed  to 
this  when  Sir  William  Crooks,  in  his  address  as  President  of  the  British 
Association  in  1898  said.  "Practically,  there  remains  no  uncultivated 
prairie   land   in   the   United   States   suitable    for   wheat   growing."" 

The  marginal  producer  who  sets  the  price  has,  in  recent  years  ad- 
vanced onto  progressively  inferior  soils  and  this  progi'ession  of  in- 
feriority has  apparently  been  rapid  since  1900,  as  may  be  seen  from 
the  large  migration  of  farmers  which  soon  started  for  Canada,  and 
from  the  rise  in  western  farm  values  which  ranged  from  50  to  100% 
between  1900  and  1905.*  Since  1905  an  almost  equal  advance  has  been 
made,  so  that  lands  in  the  corn  belt  which  were  |100  per  acre  are  |250 
and  are  too  valuable  to  be  used  for  cattle  raising.     By  these  advances 

'Corn,   wheat,  rye.   cotton,   bacon,  ham   and   mess  beef  for  export   illustrate  this. 

-In  1904  sharp  upward  turn  for  wheat  and  rye,  1901  for  corn,  beef,  bacon  and  ham, 
1907    for    oats. 

^C.  Wood  Davis  and  John  Hyde  of  the  Dept.  of  Agriculture  substantially  agreed  with 
Crooks. 

^Holmes  in  Year  Book,  Dept.  of  Agr.   1905,  p.  .514. 
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in  the  ]»riee  of  standard  farm  lands  we  may  obtaia  a  rough  iiieasiire  of 
the  inferiority  of  the  margin.  The  agricultural  literature  of  a  scientific 
character  which  has  been  issued  in  the  last  few  years  clearly  indicates 
where  the  warfare  of  science  is  being  waged  in  behalf  of  the  marginal 
farmer.  This  literature  is  full  of  discussion  of  the  problems  of  the 
w^orn-out  fields  of  the  South ;  the  under-drained  lands  of  the  North ; 
of  dry  farming  in  the  Great  Plains,  of  irrigation  farms  in  the  Inter- 
mountain  regions;  and  of  the  transportation  })roblems  of  remote  dis- 
tricts.    These  are  our  margins  of  cultivation. 

It  is  probably  true  to  say  that  agricultural  operations  have  been  less 
bound  by  cost  limits  and  by  competition  than  most  other  industries. 
The  cost  of  production  is  difficult  to  ascertain  and  the  American  farmer, 
hitherto,  has  not  been  driven  to  determine  it  exactly,  because  the  chief 
source  of  difticulty  is  the  relation  of  any  process  or  product  to  the  re- 
serve of  fertility  in  the  soil.  It  seems  to  me  clear  that  during  the 
nineties  many  crops  Avere  marketed  for  less  than  the  cost  of  ]>roduction, 
and  that  the  sharp  rise  in  land  values  in  the  early  nineties  and  again  in 
recent  years  has  attracted  the  attention  of  the  farmer  to  the  relation 
between  income  and  investment,  and  to  the  relation  between  the  system 
of  farming  used  and  the  permanence  of  his  capital  in  the  soil.  This 
has  been  reenforced  by  the  "conservation"  movement  and  by  the  iu- 
ttuence  of  the  "experiment  stations"  to  which  the  farmer  has  been  ob- 
liged to  apply  for  guidance  in  fighting  plant  and  animal  diseases  and 
insect  pests.  Out  of  this  has  come  a  well-defined  movement  to  change 
the  style  of  farming  in  such  a  manner  as  to  secure  better  soil  treatment. 
It  is  as  a  consequence  of  this  that  prices  have  been  moving  upwards. 
They  are  passing  from  the  levels  of  an  exploitive  process  to  those  of  a 
permanent  conservative  type  of  farming  in  which  the  fertility  of  the 
soil  will  be  maintained. 

It  may  be  objected  at  this  point  that  a  conservation  moven.ient  ought 
to  increase  the  number  of  cattle,  sheeii  and  swine  on  American  farms, 
whereas  their  numl)er  has  declined  between  11)01  and  101  tl  from  179 
million  to  171  million.  This  would  have  been  true  a  few  years  ago,  but 
since  the  function  of  leguminous  crops  has  become  better  understood 
the  farmer  has  found  that  the  growing  of  a  crop  to  plow  under  is  a  less 
laborious  method  of  renewing  his  nitrogen  than  the  handling  of  cattle. 

Another  farming  cost  which  must  be  alloAved  for  is  farm  labor.  This 
has  increased  because  of  the  necessity  of  paying  an  increased  premium 
to  induce  people  to  live  and  work  in  the  country  where  land  is  so  high 
that  they  cannot  hope  to  become  proprietors,  and  where  they  must  deny 
themselves  the  attractions  of  city  life  which  have  undoubtedly  increased 
much  in  a  generation.  Furthermore  the  immigrants  now  coming  to 
us  from  south-eastern  Europe  recruit  the  farming  class  less  than,  did 
those  from  Germany  and  Scandinavia.' 
Disttihutive  Expenses. 

When  we  turn  to  the  distributive  or  marketing  expenses  whicli  inter- 
vene before  an  agricultural  ])roduct  is  transferred  to  the  household  of 
the  consumer  we  have  thrust  u])on  our  attention  the  physical  fact  that 
the  centers   of  population   and  of   farm   area   have  been   drawing  apart 

'Hall.  "Immigration."'  pp.  42,  .50,  56,  •>?!,  G6  with  reference  to  (Jreeks.  Italians.  Hebrews, 
Syrian.s,   Armenians,    Stovacs,   etc. 
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rapidly  since  1880.^  At  tliat  time  tliese  centers,  as  computed  by  the 
census,  were  about  200  miles  apart.  In  1800  they  were  2f)0  miles  from 
one  another,  and  in  1900  this  distance  was  385  miles.  Something  of  the 
effect  of  this  has  been  ott'set  no  doubt  by  imju'ovements  in  transportation. 
This  does  not  tell  the  whole  story  of  course.  The  first  development  of 
western  agriculture  was  close  to  the  rivers  and  the  lakes.  Later  the 
industry  moved  into  regions  where  the  effect  of  these  avenues  of  cheap 
transportation   was  less. 

A  distributive  expense  of  great  importance  is  the  modern  advertising 
cam])aign.  Although  I  am  willing  to  grant  what  the  business  man  says 
about  the  necessity  of  advertising  for  his  individual  business  it  is  true 
in  my  opinion  that  advertising  is  one  of  the  great  blood-suckers  of 
modern  industry.  Very  largely  it  is  a  waste  of  money  so  far  as  the 
customer  is  concerned,  as  it  is  merely  a  usurpation  by  the  manufacturer 
of  the  function  of  recommending  and  guaranteeing  products  which  pre- 
viously the  local  retailer  performed.  And  in  the  change  there  is  a  waste, 
for  the  retailer  is  still  necessary  and  the  manufacturer  must  spend 
innnense  sums  to  gain  the  attention  of  the  customers,  a  thing  which 
the  retailer  has  without  expense  in  connection  with  shopping.  Mr. 
Wiley  of  the  Department  of  Agriculture  recently  said  in  Chicago  that 
the  cost  of  a  bushel  of  wheat  sold  to  the  customer  in  the  form  of  a  well 
advertised  breakfast  food  was  flO.OO.  The  statement  of  a  prominent 
breakfast  food  manufacturer  shows  that  over  30^^  of  the  cost  to  the 
consumer  is  manufacturer's  advertising,  and  10%  more  is  involved  in 
other  manufacturer's  selling  expenses.  And  to  this  something  should  be 
added  for  the  cost  of  doing  business  all  over  the  United  States  in  little 
♦piantities  here  and  there  wherever  the  national  advertising  campaign 
makes  an  appeal,  and  something  for  the  expense  to  the  grocers  for 
carrying  a  large  assortment  of  ditferent  brands  of  foods  to  satisfy  the 
many  small  demands  created  by  rival  advertising  campaigns. 

Finally,  on  the  subject  of  distribution,  a  word  further  may  be  said 
about  the  retail  store.  Possibly  retail  gross  profits  are  less  than  they 
were  during  the  days  of  the  Granger  agitation  in  the  latter  sixties  and 
early  seventies.-  But  it  would  be  difticult  to  ascertain  it,  because  most 
of  the  high  profit  goods  of  today  are  either  entirely  new  or  could  not  be 
directly  matched  with  articles  oft'ered  in  the  seventies.  When  we  think 
of  economical  retailing  we  naturally  think  of  the  department  store,  but 
this  agency  which  is  economical  when  not  conceived  on  too  luxurious  a 
])lan  apjdies  in  a  very  small  degree  to  food  distribution.  Foods  are  dis- 
tributed, as  are  drugs  and  drinks,  by  neighborhood  convenience  stores. 
Grocery  stores  and  meat  and  bakery  shops  must  make  small  sales  and 
numerous  deliveries  because  the  city  family  has  small  storage  space, 
uses  expensive  ice,  and  the  cook  is  not  expert  in  the  ('(mtinental  art  of 
recooking.  These  deliveries  are  not  only  expensive  but  there  is  involved 
in  them  the  circumstance  that  when  a  customer's  purchases  are  numer- 
ous and  small  and  chietty  delivered  it  is  out  of  the  question  to  get  cash 
payment  for  each  purchase,  so  that  a  large  sum  is  constantly  tied  up  in 
credit  advances.  For  these  reasons  such  stores  are  distributed  to  resi- 
dence districts  and  are  small  and  uneconomical.     The  number  of  such 


'In   1870   the   distance   between   them    was   1^5   miles. 

-18G7-1870   covers  the   activity   of   the   Grangers  and   Sovereigns   of    Industry. 
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shops  is  atrociously  redundant  because  the  modern  housewife  has  not  the 
disposition  to  go  long  distances  to  market  and  because  the  capital  re- 
quired to  enter  the  business  is  moderate  and  the  division  of  labor  in  a 
small  store  is  not  sharj)  enough  to  jirevent  every  clerk  from  ])icking  up 
enough  knowiedge  to  presently  strike  out  for  himself.  In  addition  to 
these  unfavorable  circumstances  the  shopper,  accustomed  to  department 
store  methods,  is  exacting  in  matters  of  stock  and  equipment,  so  that 
the  line  of  least  resistance  in  competition  is  often  to  divide  the  trade  and 
refine  or  elaborate  the  service  rather  than  to  offer  lower  prices.^ 

New  Wants. 

Turning  from  the  production  and  distribution  of  agricultural  staples 
to  the  new  wants  which  have  established  themselves  in  a  generation  we 
must,  at  the  outset,  recognize  that  the  growth  of  these  Avants  is  not  only 
due  to  increased  eiirning  power  of  the  consumer,  but  to  the  thirty  years 
of  low-priced  staples,  which  have  left  free  an  unusually  large  portion  of 
his  earnings  to  be  expended  on  other  things. 

Among  these  wants  j>ermit  me  to  single  out  three  groups  involving 
respectively  the  dietary,  the  household  economy,  and  expenditures  of 
chiefly  social  import. 

The  dietary  changes  of  forty-five  years  have  been  marked.  They  in- 
volve an  increase  in  the  consumption  of  sugar,  milk,  butter,  poultry,  frait 
and  vegetables.  Most  of  these  changes  have  been  toward  foods  more 
pleasing  to  the  jtalate  but  of  low  nutritive  value,  such  as  cucumbers, 
melons,  salads,  green  vegetables,  strawberries,  tomatoes,  olives,  canned 
goods,  oysters,  etc.  Peaches  in  good  condition  contain  8%  solid  matter; 
milk  contains  13%  of  solids;  fruits  generally  are  from  85  to  00% 
water.-  Such  foods  have  therefore  relieved  the  demand  for  the  staples 
but  little. 

The  beginnings  of  a  general  demand  for  these  expensive  foods  may  be 
traced  to  the  decade  following  the  close  of  the  Civil  War,  and  appear 
to  arise  as  a  function  of  the  decline  in  the  price  of  the  staples.  For  ex- 
ample, it  was  cited  as  a  wonderful  thing  in  1865  that  Cincinnati  sent 
fruits  to  the  lake  cities  two  weeks  before  the  northern  season  ojjened, 
and  that  the  latter  localities  sent  back  late  fruits.  In  1866  the  district 
in  southern  Illinois  known  as  ''Egypt''  began  to  be  developed  for  early 
fruits  and  vegetables,  and  in  connection  with  its  transportation  problem 
the  refrigerator  car,  invented  in  1868  by  Davis  and  Sutherland  of  De- 
troit, was  perfected.  In  1870  the  California  fruit  industry  began  a 
long  period  of  rapid  growth,  first  to  supply  canning  and  drying  estab- 
lishments, but  after  the  early  eighties  to  supply  shipments  of  fresh  fruit 
to  the  east  in  refrigerator  cars.  In  1875  there  was  developed  something-^ 
of  a  craze  with  reference  to  the  Florida  orange  industry  and  families 
moved  from  all  sections  of  the  country  to  that  state.  In  succeeding^ 
years  Florida  sent  early  fruit,  and  vegetables  in  ever  increasing  variety 
to  the  eastern  cities  and  from  her  and  California  the  southern  states 
generally  have  learned  the  profit  of  supplying  the  early  markets. 

At  the  present  time  these  industries  have  reached  a  very  large  develop- 
ment. The  first  strawberries,  from  Christmas  until  the  middle  of  Febru- 
ary come  from  Florida  and  Texas,  then  the  Gulf  states  and  North  Caro- 


'Sec.   Wilson  has  found   that  the   cost  of  retailing  meat  in  50  cities  is  38%,  calculated 
wholesale  prices.     Report,   1909. 

"Lazenby  in  Ohio  Hort.   Soc.  Proc,  1900. 
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lina  jjrovide  the  supply  until  May  when  Tennessee,  Virginia,  Maryland 
and  tSouthern  Illinois  supply  us.  The  sui>ply  of  fresh  eggs  comes  from 
the  same  regions  in  about  the  same  order,  but  a  month  earlier.  In  the 
vegetable  trade  Florida  holds  the  seaboard  until  Easter  while  Texas  and 
Louisiana  supply  the  west,  and  the  su]>]>lying  regions  move  north  with 
the  progress  of  the  ripening  belt. 

These  are  out-of-season  industries,  so  far  as  the  northern  farmer  is 
concerned,  and  by  their  development  we  have  itushed  the  supplying  dis- 
tricts away  from  us.  The  natural  correlation  by  which  truck  and  fruit 
farms  locate  around  the  cities  they  supply  has  been  disturbed  and  we 
buy  foods  three-fourths  of  the  price  of  which  is  middleman's  profits  and 
transportation.  The  Deland  (Fla.)  News  has  recently  said  that  even  for 
so  standard  a  cro]>  as  oranges  the  northern  wholesale  price  is  from 
one-third  to  one-half  freight. 
Household  cconoiitij. 

Another  group  of  wants  has  arisen  in  connection  with  changes  in  the 
household  economy.  There  were  three  times  as  many  people  living  in 
American  cities  in  1900  as  in  1870^  and  they  lived  in  larger  cities.  This 
fact  alone  involves  far-reaching  consequences.  The  cost  of  preserving- 
health,  })rivacy,  and  the  decencies  of  life  in  cities  is  a  figure  we  are  be- 
ginning to  explore  in  connection  with  the  warfare  now  made  on  disease, 
and  in  payments  for  plumbing,  water,  insurance,  local  transportation, 
sidewalks  and  streets  and  taxes.  The  necessities  of  city  life  have  forced 
many  industries  out  of  the  households  and  the  growth  of  factory  pro- 
duction has  attracted  others.  A  good  deal  of  the  baking,  canning,  cur- 
ing of  meats,  manufacture  of  clothes,  carpets,  soap,  etc.,  has  been  re- 
moved along  with  the  preparation  of  the  winter  wood  and  the  care  of 
the  vegetable  garden.  The  change  is  no  doubt  desirable,  taking  it  as  a 
whole.  It  saves  the  labor  of  women  and  children  and  of  the  after-work 
hours  of  the  wage-earner,  but  as  this  labor  is  usually  not  marketed  in 
any  other  form  new  items  of  cash  expenditure  must  of  necessity  appear 
in  tlie  family  budget. 

By  this  change  the  household  is  made  less  of  a  ti'aining  school  than 
it  once  was  and,  as  the  teaching  of  domestic  science  has  not  yet  been 
generally  introduced,  young  women  of  today  know  less  than  their 
mothers  about  such  tasks  as  still  remain  in  the  household,  and  they  are 
less  habituated  to  withstand  the  drudgery  of  difficult  or  tedious  duties. 
So  there  is  a  great  demand  for  ready-prepared  foods.  The  housewife 
who  does  not  know  how  to  cook  or  who  desires  to  avoid  the  complex  pro- 
cessess  by  which  cheap  meats  can  be  made  palatable,  or  who  has  a  ser- 
vant equally  anxious  to  avoid  this  work,  must  buy  tender  and  expensive 
cuts.  Nor  can  a  shopi>er  who  is  ignorant  of  qualities  expend  money  effi- 
ciently. She  must  fall  back  upon  price  as  the  criterion  of  excellence, 
and  is  likely  to  become  the  prey  of  the  maker  or  dealer  who  maintains 
the  most  expensive  advertising  campaign  to  •"educate"  her. 
Expenditures  of  Social  Significance. 

In  conclusion,  a  word  about  expenditures  which  have  an  important 
bearing  upon  social  standing.  So  long  as  the  splendid  descendants  of  the 
Puritans  in  New  England  and  of  the  F.  F.  Vs.  in  Virginia  lived  to- 
gether in  poverty  in  their  eastern  homes  there  was  a  definite  and  in- 

iJn    1870—8.071.875   or  20.9%.      In   1900—24.992,199   or  3.3.1%. 
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fliiential  eloment  in  Aiiiciican  national  life  which  stood  for  "})laiu  living 
and  high  thinking."  But  since  the  sons  and  daughters  of  these  families 
have  moved  west,  and  in  the  majority  of  cases  become  a,!fliiant,  there 
is  reason  to  fear  that  the  element  just  referred  to  has  become  more  or 
less  lost  in  the  multitude  of  the  merely  rich.  These  western  sons  and 
daughters,  if  they  have  contributed  any  influence,  have  done  it  by  so 
combining  wealth  and  refinement  as  to  cast  doubt  upon  the  exclusive- 
ness  of  the  relation  of  "high  thinking"  to  "plain  living."  And  so  a 
relaxation  toward  luxury  is  a  characteristic  recent  national  tendency. 

There  are  some  matters  of  a  more  technical  charaeter  which  may  be 
dwelt  upon  for  a  moment.  People  judge  each  other  by  all  kinds  of  tests. 
In  the  lumber  camp  the  best  chopper  is  an  aristocrat.  In  an  agricultural 
neighborhood  the  farmer  with  the  largest  farm  or  the  biggest  barns  nuiy 
be  so.  Where  the  process  of  wealth  production  is  tangible,  mastery  of 
it  is  likely  to  be  given  Aveight  in  the  determination  of  positions  in  the 
social  scale.  In  modern  society  where  the  labor  of  so  many  men  is  labor 
of  the  mind  alone  and  Avliere  through  the  existence  of  corporations  the 
property  connections  of  individuals  are  difficult  to  trace,  the  tendency 
is  increased  to  judge  ]>eoi)]e  by  the  manner  and  the  amount  of  their  ex- 
penditure rather  than  by  their  characteristics  as  producers  of  wealth. 
As  everyone  is  anxious  to  stand  well  in  the  opinion  of  his  fellowmen 
the  tendency  of  this  is  obvious.  The  brain  workers  in  corporate  relations 
are  not  a-  large  class  to  be  sure,  but  then  they  are  important  in  setting 
the  tendencies. 

The  conditions  of  city  life  intensify  comparisons  of  a  materialistic 
sort.  The  very  neighborhood  in  which  one  lives  is  classified  on  the  basis 
of  the  value  of  the  real  estate,  and  the  typical  city  list  of  calling  ac- 
(piaintances  must  quickly  judge  by  the  tangible  means  most  ready  at 
hand. 

I  have  spoken  of  the  partial  emancipation  of  woman  from  household 
drudgery.  The  leisure  thus  produced  1ms  in  part  been  devoted  by  her 
to  such  elaboration  of  the  art  of  living  as  has  quite  naturally  called  for 
increased  expenditures  here  and  there,  and  in  this  she  has  been  efficiently 
aided  by  magazines  and  newspapers  which  now  familiarize  each  class  in 
society  with  the  manner  of  living  of  other  classes  as  never  before. 

It  may  be  an  error  to  say  that  we  have  come  into  a  period  of  years 
which  will  prove  a  turning  point  in  our  national  civilization  but  it  is 
difficult  to  imagine  any  economic  reaction  more  fundamental  than  that 
between  a  nation  and  the  land  upon  which  it  lives.  If  we  are  really 
through  Avith  the  easy  expansion  of  our  agriculture,  as  the  population 
increases  we  shall  need  to  review  our  entire  national  economy  and  elinii- 
mate  wastes  rather  than  give  up  precious  utilities.  There  is  the  cost 
of  two  or  three  hundred  thousand  unnecessary  retail  stores,  the  cost 
of  a  considerable  part  of  our  advertising,  the  cost  of  fire  losses,  the  cost 
of  doing  without  a  reasonable  element  of  vocational  training  in  every 
man's  education,  the  cost  of  violating  the  i)rinciples  of  conservation, 
and  many  other  great  wastes  which  are  a  part  of  the  economic  problem 
of  reorganizing  our  industries  and  our  habits  of  consumption,  which  will 
be  thrust  upon  us  if  we  are  passing  out  of  the  pioneer  stage  into  that 
of  a  mature  national  economy. 

Ann  Arbor.  April,  11»10. 
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SOME    OBSERVATIONS    ON    RECENT    AMERICAN    ECONOMIC 
THINKERS   AND   THEIR  THOUGHT. 

LEWIS    H.    HANEY. 


From  the  beginning  the  peculiar  environmental  eoudition>5  met  with 
in  America  have  given  a  characteristic  set  oi'  tendencies  to  American 
economic  thought.^  In  the  first  place  the  point  of  view  tends  to  be  op- 
timistic. The  country  is  young  and  the  resources  boundless.  It  has  been 
in  the  ''advancing  state''  of  the  old  economists.  In  accordance  with  this 
general  tendency,  from  early  times  to  Patten  there  has  been  another 
tendency  to  deny  the  validity  of  the  classical  law  of  diminishing 
returns,  and  yet  another  to  attack  the  Malthusian  doctrine  of  popula- 
tion. 

Being  in  a  progressive  or  "advancing"  state  characterized  by  speculat- 
ing fluctuations  in  price,  etc..  the  dogma  of  equalized  wages  and  profits 
has  functioned  little  as  a  premise  in  American  thouglit.  The  great  varia- 
tions in  expenses  and  prices  as  between  different  points  within  the  vast 
area  of  the  United  States,  especially  in  earlier  times,  must  likewise  have 
operated  in  this  same  direction. - 

Again  the  fact  that  farms  have  been  ''carved  out"  of  the  wilderness 
before  our  very  eyes  has  suggested  the  question,  is  land  not  capital? 
The  abundance  of  land,  moreover,  has,  in  connection  with  a  democratic 
jieople,  begotten  a  system  of  land  ownership  which  h^is  made  the  dis- 
tinction between  land  and  capital  less  obvious  than  in  a  country  like 
England.  Accordingly  we  find  Carey  holding  heterodox  views  on  this 
point,  and  a  strmig  tendency  in  a  similar  direction  appears  today.  Ameri- 
cans have  been  forward  in  applying  the  differential  idea  to  labor  and 
capital  as  well  as  land. 

The  relative  scarcity  of  labor  and  capital  which  has  existed  well  down 
to  date  has  also  found  its  expression  in  certain  theoretical  peculiarities, — 
in  addition  to  furthering  the  one  just  noted.  For  one  thing  the  necessity" 
for  and  importance  of  the  management  factor  has  been  accentuated. 
Invention,  too,  has  been  stimulated  and  its  importance  emphasized. 
This  has  fostered  a  point  of  view  in  which  change  and  progress  are  re- 
garded as  normal. 

But    most    interesting    of    all    is    the    suggestion    that    the    common 


acceptance  of  the  marginal  productivity  theory  of  distribution  may 
be  an  offspring  of  a  national  psychology  engendered  by  these  con- 
ditions. Where  labor,  for  example,  is  scarce  and  relatively  independent 
the  wages  fund  doctrine  would  hardly  be  suggested,  while  it  would  be 
easy  to  conceive  a  relationship  between  productivity  and  income. 
Some  of  the  assumptions  in  Professor  Clark's  theorizing  have  been 
actualities  in  America.  There  has  lieen  a  great  deal  of  free,  no-rent  land, 
upon  which  the  settler  put  his  labor.    If  he  could  get  it,  hired  labor  was 

^See    Sherwood,    "Tendencies    in   American    Economic   Thought,"    Johns    Hopiiins    University 
Studies.    1897. 

^See  Leslie,   Essays  in  Pol.  and  Moral  Philos.,  p.  137f. 
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paid  all  that  it  was  "worth"  and  the  subsisteii(?e  wage  has  been  far  less 
ooninion  in  America  than  in  Europe.  Labor  was  the  factQi'  which  had 
to  be  economized,  rather  than  land,  and  its  productivity  was  scrutinized. 
The  result  was  a  productivity  theory,  and  the  application  of  the  dif- 
ferential idea,  or  an  echo  from  one  of  the  numerous  early  writers  who 
suggested  the  marginal  concept  for  value  determination,  completed  the 
rcheme.  But  oftentimes  in  the  earlier  days  capital  was  the  scarcest  of 
all,   when   like  results  might  be  expected   for  interest  theory. 

Nor  is  it  unlikely  that  the  readiness  with  which  certain  of  our  theor- 
ists take  to  the  idea  of  capital  as  a  mobile  fund,  criticising  the  idea  of 
capital  as  the  aggregate  of  capital  goods,  has  been  furthered  by  the 
prevalence  of  corporations  and  speculation  and  the  relative  mobility  of 
investment,  taken  together  with  the  preceding  conditions. 

Finally,  America's  relative  isolation  has  made  her  a  stanch  pro- 
tectionist country.  Located  remote  from  the  old  centers  of  arts  and 
industry,  and  at  a  time  when  the  products  of  manufacture  were  o! 
great  importance,  the  "American  system"  according  to  which  ocean 
freight  charges  were  to  be  saved  and  home  markets  developed,  was  a 
natural  consequence.  America,  directly  and  through  List,  has  been 
the  center  of  the  modern  protectionist  idea. 

Of  course  these  "tendencies"  do  not  find  equal  expression  in  all  our 
economists,  and  there  have  always  been  some  who  have  upheld  the  classi- 
cal doctrines;  but  our  most  characteristic  ones  will  alwavs  be  found  to 
illustrate  the  reality  of  them  sufficiently  well. 

With  this  background  in  view  let  us  turn  to  briefly  examine  some  of 
our  recent  economic  thinkers  and  their  thoughts. 

n. 

Perhaps  to  some  extent  on  account  of  the  comprehensiveness  of  the 
American  Economic  Association,  it  seems  that  there  is  no  such  division 
into  important  schools  as  is  the  case  in  Germany,  for  instance.  Or  the 
fact  may  be  due  in  part  to  the  later  development  of  activity  in  economic 
thought.  Coming  after  the  reaction  against  extreme  Itistorismua  has  set 
in,  there  was  less  occasion  for  the  schools  involved.  Moreover  the  ab- 
sence of  so  widespread  and  acute  a  condition  of  class  antagonism  and  the 
evils  accom]>auying  it  may  explain  in  part  the  slight  importance  of 
socialism  to  date.  It  is  characteristic  of  American  economics  that  there 
is  relatively  little  difference  of  opinion  as  to  the  taritf  and  government 
control,  neither  being  entirely  condemned. 

On  the  whole  there  are  but  two  great  groups  with  so  many  variations 
within  both — and  so  shading  into  one  another — that  they  cannot  be 
called  schools.  One  holds  to  a  large  part  of  the  teaching  of  Mill;  the 
other  follows  the  Austrian  school  and  Professor  Clark.  Accordingly 
there  is  on  the  surface  at  least  wide  difference  in  the  importance  at- 
tributed to  cost  in  value  determination,  in  the  theory  of  interest,  and 
in  the  treatment  of  land  and  the  return  from  land.  To  mentio'ii  but  a 
few  names:  Professors  Clark,  Patten,  Fisher,  and  Fetter  are  inclined  to 
emphasize  the  subjective  point  of  view  and  the  utility  side  of  marginal 
utility,  and  to  deny  the  significance  of  the  classical  rent  doctrine;  Pro- 
fessors Ely,  Carver,  Bullock,  Taussig,  and  Laughlin  would  lay  more  em- 
phasis on  costs  and  hold  to  an  enlightened  Ricardian  doctrine  of  rent. 
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Professor  Fisher  of  Yale  is  tlie  leading  exponent  of  the  mathematical 
method.  As  statisticians  Mayo-Smith  and  Wright, — now  deceased, — 
Dewey.  Willcox,  and  Bailey  are  among  the  best  known  Americans  of 
recent  times. 

There  can  be  no  doubt  of  a  strong  tendency  among  American  econom- 
ists to  emphasize  psychological  analysis.  After  1885  the  thought  of 
Jevons  and  the  Austrian  school  took  firm  hold,  and  American  economics 
has  come  to  its  recently  acquired  place  of  prominence  largely  through 
independent  development  of  parts  of  this  field.  Accordingly  it  is  prob- 
able that  three  of  our  four  or  five  leading  theoricians  are  Clark,  Patten, 
and  Fisher. 

Professor  John  Bates  Clark  is  admitted  by  many  to  be  the  greatest  con- 
structive general  theorist  that  America  has  yet  produced.  His  claim  to 
some  originality  in  developing  the  significance  of  marginal  utility  is 
strong  and  his  name  will  ever  be  associated  with  the  marginal  product- 
ivity analysis  in  static  distribution.  Many  of  the  most  promising  of  the 
younger  economists  have  been  much  influenced  by  him,  and  while  several 
of  his  main  ideas  are  accepted  by  few,  his  calm,  clear  analysis  has  been 
very  suggestive  and  has  done  much  to  clear  up  distribution  problems. 

It  is  not  unlikely  that  Clark  received  some  stimulus  from  Bastiat, 
and  he  himself  refers  to  the  intiuence  of  Henry  George.^  He  must  also 
have  gathered  ideas  from  Jevons  and  the  Austrians.  For  the  rest,  he  fell 
under  the  sway  of  the  idea,  current  among  sociologists  and  economists 
of  the  historico-sociological  type,  that  society  is  an  organism.  Add  to 
this  background  Professor  Clark's  great  power  of  sustained  abstract 
speculation  and  we  have  some  of  the  chief  factors  in  his  work. 

In  his  Philosophy  of  TFcf/i//j  (1885)  the  two  main  ideas  are  that  the 
prevalent  theory  of  value  misconceived  the  part  played  by  utility,  and 
that  society  is  an  organism  to  be  treated  as  a  unit  in  discussing  processes 
of  wealth  distribution.  Clark,  distinguishes  absolute  from  effective  util- 
ity, defining  the  latter  as  "power  to  modify  our  subjective  condition, 
under  actual  circumstances,  and.  ..  .mentally  measured  by  supposing 
something  which  we  possess  to  be  annihilated,  or  something  which  we 
lack  to  be  attained."-  Market  value  is  measured  by  this  utility  estimated 
by  society  considered  as  one  great  isolated  being.' 

Clark  also  emphasized  the  limits  set  to  com])etition  in  modern  society, 
aj>pealing  to  a.  more  rational  means  of  eft'ective  distribution. 

It  is  by  his  Distrihu'tion  of  Wealth,  j)ublished  in  1899,  that  Clark  is 
best  known.  Put  in  a  nut  shell  it  is  the  idea  of  the  book  that  in  a 
'"Static"  condition  the  factors  of  production  receive  shares  correspond- 
ing to  the  productivity  of  their  final  or  marginal  increments,  the  procei-is 
being  ^'controlled  by  a  natural  law." 

The  social  view])oint  being  taken,  and  society  being  regarded  as  an 
organism,  it  follows  that  distribution  and  exchange — with  value — are 
included  in  the  round  of  jiroduction.  Distribution  has  three  stages:  the 
division  of  social  income,  first,  among  various  groups  of  industries,  then 
among  sub-groups,  and  finally  among  the  factors  of  production  within 

^Distribution  of  Wealth,  preface,  p.  VIII.  George's  idea  tliat  wages  are  fixed  by  the  product 
which  a  man  can  create  by  tilling  no-rent  land. 

-P.  78.  Compare  Distribution  of  Wealth,  p.  .376.  This  statement  is  subject  to  the  same 
criticism   as   is   Menger's. 

3P.  82. 

19 
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the  sub-giouj).  The  first  two  processes  are  coutrolled  by  the  market 
price  of  the  produce :  the  last,  or  functional  distribution,  as  we  would 
say,  is  governed  by  productivity,  labor  tending  to  get  what  it  sepa- 
rately produces  and  capital  likewise.^ 

In  order  to  reduce  all  units  to  homogeneity  Clark  would  fund  all  the 
factors  of  production.  Laud  and  capital  are  reduced  to  an  abstract 
mobile  capital  fund  ("social  capital"),  and  labor  to  j^roductivity  units 
("social  labor").  Then  the  specific  product  of  a  unit  of  any  factor  may 
be  segregated,  he  maintains,  by  turning  to  the  margin.  In  the  case  of 
labor  this  may  be  found  widespread  in  a  zone  of  indifference  as  to  em- 
ploying more  men.     In  all  industries  there  is  an  intensive  margin. 

It  is  a  chief  service  of  Clark  to  have  developed  and  defined  (not  origin- 
ated) the  idea  of  a  fund  of  value  abstract  and  not  lost  in  the  capital 
goods  through  which  it  finds  expression  at  any  given  time.  This  is 
similar  to  the  business  usage.  It  is  a  conception  which  helps  to  an  under- 
standing of  the  mobility  of  capital  under  competitive  conditions.  The 
criticism  is  that  Clark  carries  the  idea  too  far,  applying  it  to  factors 
which  are  not  mobile  in  fact. 

Though  for  the  most  part  a  "natural"  tendency  to  equalize  returns 
in  dift'erent  industries  is  posited  as  the  force  assuring  the  productivity 
correlation,  it  is  made  clear  that  it  is  the  free  competition  among  em- 
ployers that  is  assumed  in  the  static  state  which  insures  the  full  value 
of  his  product  to  the  laborer.  The  pleasure  and  pain  calculus  is  the 
mainspring  of  the  Avhol^  machine. 

Both  wages  and  interest  can  be  "translated"  into  the  form  of  rents 
on  concrete  producer's  goods^ — Clark  denies  peculiar  significance  to  land 
rents — and  these  rents  are  elements  in  determining  values. 

Professor  Clark's  theories  have  been  attacked  on  all  sides.-  Relatively 
few  are  in  agreement  as  to  tlie  organic  character  of  society,  and  few 
believe  that  such  "heroic  abstraction"  as  characterizes  his  theory  is 
fruitful.  His  "static  state"  is  after  all  quite  similar  to  one  in  which  the 
"natural"  conditions  thought  of  by  the  classical  economists  exist.  Hob- 
son  and  others  have  attacked  the  validity  of  the  "dosing"  method  of 
isolating  the  specific  product  of  a  given  factor.  Others  deny  that  land 
can  be  treated  as  a  mobile  fund,  holding  that  in  this  it  difi'ers  from 
capital.  Perhaps  the  basic  weakness  of  Clark's  analysis  is  similar  to 
that  found  in  the  thought  of  the  Austrian  school,  namely,  the  fact  that 
it  attempts  to  apply  to  a  complex  of  individuals,  society,  a  marginal- 
utility  analysis  which  can  hold  only  for  the  individual. 

We  must  not  think,  either,  that  in  some  measure  to  justify  a  static 
tendency  as  to  functional  distribution  is  to  justify  the  present  social 
order.  For  even  though  units  of  labor  and  capital  each  received  a  re- 
turn projiortional  to  its  productivity  there  would  still  remain  the  per- 
sonal question,  does  each  laborer  receive  what  lie  produces?  Or,  again, 
the  mere  fact  that  the  land  owner  receives  Avhat  his  land  produces  does 
not  justify  private  property  in  land. 

In  his  more  recent  Essentials  of  Economic  Throrif  (1907)  Clark  in 
no  way  departs  from  his  old  stand.  The  distinction  between  static  and 
dynamic  is  ever  before  us  and  though  the  book  is  written  parti}'  to  ful- 

^Chapter  II. 

=See  e.  g..  Carver's  and  Hobson's  discussion  in  the  Journal  of  Political  Economy.  1904-0.5  ; 
Carver's  discussion  in  Quarterly  Journal  of  Economics,  August,  1891  :  Davenport's  Value 
and   Distribution,   Chapter  XXII. 
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fill  the  author's  promise  to  develop  dynamic  laws,  his  static  laws  loom 
large  in  the  background.  Whatever  prevents  the  working-  of  static 
Jaw^s — that  is.  free  competition — should  be  regulated.  The  thought  pro- 
cesses are  stimulating,  but  the  book  contributes  nothing  to  economic 
essentials. 

A  disciple  of  Professor  Clark,  Alvin  S.  Johnson,  has  recently  pub- 
lished an  InfrodiK'toii/  Economics  (1907)  which  is  harder-headed  and 
less  open  to  the  above  criticisms  that  the  work  of  his  master.  Wieser's 
theory  of  value  is  admirably  adapted,  but  cost  is  given  an  important 
part  in  determination ;  and  though  land  is  included  under  capital  goods, 
its  peculiarities  are  emphasized  and  the  fact  that  the  recent  disputes 
over  the  place  of  land  really  rest  upon  the  distinction  between  capital 
funds  and  capital  goods  is  plainly  apparent. 

Professor  Simon  N.  Patten  is  one  of  the  most  unique  economists 
America  has  produced.  But  his  genius  is  erratic — almost  perverse. 
Patten's  chief  economic  writings  are  Premises  of  Political  Economy 
(1885),  The  Consumption  of  WcaWi  (1889),  DynaniiG  Economics  (1892), 
and  The  Theory  of  Prosperity  (1902).  To  briefly  indicate  some  of  his 
characteristic  doctrines:  he  has  developed  the  idea  of  the  importance  of 
consumption,  making  changes  which  adapt  it  to  environment  a  factor 
in  reducing  costs  as  men  progress ;  he  is  optimistic,  denying  the  existence 
of  a  law  of  diminishing  returns ;  to  him  the  shares  in  distribution  are 
price-determined,  costs  cutting  no  figure ;  and  in  order  to  harmonize  the 
idea  of  increasing  demands  with  that  of  increasing  returns  monopoly  is 
made  normal  and  given  a  large  part.^  The  ideas  of  alternative  use  and 
opportunity  costs  find  frequent  expression.  Patten  has  pointed  out  that 
land  once  brought  under  cultivation  will  not  be  abandoned  exactly  at 
the  point  where  returns  just  fail  to  cover  cost,  but  that  production  will 
be  carried  further. 

Professor  Patten's  main  ideas  underlie  the  more  recent  "Economics" 
by  Xearing  and  Watson, — a  crude  but  stimulating  text. 

Professor  Irving  Fisher  has  summed  up  his  economic  theories  in  two 
recent  volumes:  The  Xature  of  Capital  and  Income  (1906),  and  The 
Rate  of  Interest  (1907) .  It  does  not  seem  that  thes«  books  can  be  classed 
with  the  works  of  Clark  and  Patten  in  so  far  as  additions  of  funda- 
mental importance  to  economic  theory  are  concerned.  The  writer  reasons 
clearly.  By  adopting  the  accountant's  view])oint  he  has  shed  some  new 
light, — though  his  writings  do  not  escape  illustrating  the  difticulty  of 
adopting  a  new  terminology.  The  Austrian  idea  is  the  dominant  one: 
the  value  of  cajjital  goods,  including  land,  is  the  discounted  value  of 
their  income.  And  a  point  upon  which  much  stress  is  laid  is  that  in- 
come must  not  be  confused  with  the  material  objects  (capital)  which 
afford  it,  but  consists  of  the  services  rendered.  The  interest  rate,  the 
determination  of  which  Fisher  would  make  the  chief  problem  of  Econo- 
mics, depends  upon  the  "time  preference"  of  individuals  for  present 
over  future  goods, — an  "agio"  theory. 

^"The  motives  for  production  increase  as  wants  grow  in  intensity  :  but  costs  fall  off  with 
the  growth  of  productive  power,  thus  destroying  the  equality  between  it  and  the  return 
in  goods.  A  new  equilibrium  is  created  on  the  market  by  the  equality  of  marginal  expense 
and  marginal  utility.  Wants  grow  more  rapidly  than  productive  powers :  values  rise,  and 
producers  gain  a  monopoly  power  equal  to  the  difference  between  cost  and  the  expense 
of  goods.  Monopoly  is  thus  essential  to  a  market  equilibrium  and  the  monopoly  fund  has 
its  size  fixed  by  tlie  natural  excess  of  demand  over  supply.  Intense  wants  and  low  costs 
of  production   have  no   other   means  of   equating  themselves."      Theory   of  Prosperity,    p.   234. 
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To  one  thinkiug  as  the  writer  does,  Professor  Fisher,  wliile  criticising 
others  for  iiiakiDg  questiou-begging-  assumptions,  has  made  his  own  state- 
ment of  the  case  one-sided  bv  a  simihir  error.  Bv  slightiuff  costs  and 
objective  limitations  his  "time  preference"  becomes  a  mere  assumption ; 
and  lie  takes  income  for  granted  when  he  criticises  cost  theories  [Rate  of 
Int&>-egt,  pp.  33,  44,  46). 

Quite  different  from  the  foregoing  are  the  views  of  Professor  T.  N. 
Carver,  who  perhaps  best  represents  the  great  body  of  the  less 
radical  of  the  American  economists.  In  his  Disttihutlon  of  Wealth 
(1904)  he  calls  a  halt  to  the  one-sided  emphasis  of  psychology  and  points 
to  the  economic  environment  factor.  The  book  contains  a  noteworthy 
restatement  of  the  law  of  diminishing  returns  and  an  able  criticism  of  the 
Austrian  ideas  on  interest,  which  is  ai>plicable  in  a  great  degree  to  Fisher 
and  Clark.  He  makes  the  law  of  diminishing  returns  universal  and  not 
confined  to  land  only.  If  to  a  limited  quantity  of  any  factor  increasing- 
quantities  of  other  factors  are  added  a  time  will  come  when  the  return 
diminishes  relatively  to  the  quantity  added.  As  to  the  interest  question. 
To  Carver  the  question  is,  '"Why  is  the  income  more  than  sufficient  to 
keep  the  supply  of  capital  intact,  or  to  replace  it  *  *  *?"  Cost  and 
productivity  are  synthetized  as  in  the  case  of  value  determination.  Un- 
less the  supply  of  capital  was  in  some  way  limited  its  marginal  produc- 
tivitj'  would  disappear  and  these  limits  are  the  cost  of  making  capital 
goods  and  the  sacrifice  of  waiting,  including  an  element  of  incalculable 
risk. 

There  is  a  sense.  Carver  holds,  in  which  rent  does  not  enter  i)rice  as 
wages  do;  for  laud  is  separable  from  the  owner  and  does  not  have  to 
be  persuaded  to  work  by  any  offer  of  advantage  <  p.  207). 

Furthermore,  Professor  Carver  lays  more  emphasis  upon  the  Mal- 
thusian  theory  of  population  in  connection  ^vith  the  theory  of  wages  than 
do  the  preceding  writers. 

III. 

When  one  turns  from  an  extended  reflective  examination^  of  the 
numerous  recent  treatises  on  Economics  one  feels  like  raising  the  ques- 
tion, whither  are  we  tending? — and  is  tempted  to  make  some  generaliza- 
tions along  that  line.  Yielding  to  this  temptation  the  writer  would  con- 
clude with  a  few  rather  hasty  generalizations,  hoping  that  they  may  at 
least  provoke  discussion. 

1.  Looking  back  some  fifty  years,  there  appears  to  be  a  tendency  to 
return  to  a  general,  "pui'e"  Economics.  Beginning  say  with  J.  S.  Mill 
there  came  a  tendency  to  bring  in  all  manner  of  social  and  ethical  data. 
Later,  a  mass  of  technical  data  has  been  worked  over;  and,  on  the  other 
hand,  psychological  and  philosophical  nmterials  have  been  heavily 
drawn  upon.  But  now  Political  Science  and  Government,  and  Sociology 
are  splitting  off;  and  with  technical  courses  springing  up,  and  Ethics 
enriched  by  economic  infusions,  we  are  ready  for  a  more  well-rounded 
body  of  pure  economic  principles. 

2.  It  seems  not  unlikely  that  there  is  and  will  be  a  concomitant 
growing  distinction  between  public  and  private  economics.     The  growth 

^It  has  not  seemed  well  to  include  in   the  preceding  observations  the  detail  and  repetition 
which    would   be   involved    in    making   them    the   fall    basis   for   the   following   generalizations. 
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of  courses  aud  literature  along  the  lines  of  private  finance  and  semi- 
technical   commercial   subjects  points  this  way. 

o.  Perhaps  not  without  connection  with  the  preceding  i)oint  is  the 
growing  emphasis  of  the  distinction  between  the  social  and  the  indi- 
vidual or  entrepreneur  viewpoints, — a  distinction  for  the  lack  of  which 
certain  older  writers  fell  into  confusion  in  their  value  theories.  It  does 
not  seem  to  the  writer  that  the  current  talk  about  the  entrepreneur 
viewpoint,  opportunity  cost,  etc.,  can  serve  as  the  basis  for  the  theory 
of  value  in  political  economy. 

4,  Within  the  domain  of  pure  public  economics  a  reaction  against 
the  excessive  attention  to  psychological  factors  is  bound  to  come,  or  is  at 
hand.  With  the  lowering  of  production  margins  and  the  increasing 
realization  of  certain  objective  limitations  which  now  seem  likely  in  this 
country,  this  reaction  will  come  the  quicker.  The  fundamental  character 
of  the  opposition  between  man  and  his  natural  environment  will  not 
down. 

5.  Accordingh-  the  marginal  utility  mist  is  being  cleared  up.  Even 
the  plea  that  this  phrase  is  a  convenient  way  of  putting  the  forces  back 
of  demand  and  supply  together  is  being  questioned.  While  nowhere 
finally  dealt  with,  certain  writers  like  McVane.  Davenport,  Bonar, 
Carlile,  Landry,  Dietzel,  and  Bortkiewicz  have  sapped  the  somewhat 
specious  pretensions  of  the  doctrine.  We  no  longer  regard  it  as  an  ulti- 
mate touchstone  for  all  value  questions, — as  a  means  of  expressing 
changes  in  a  man's  valuation  of  goods  in  terms  of  utility  considered  as 
a  property  of  the  goods. 

G.  In  the  field  of  capital  and  interest  the  writer  is  struck  with  the 
necessity  of  fighting  out  the  questions  which  concern  the  nature  of 
capital.  The  issue  is  being  joined  over  the  definition  of  capital  as  an 
abstract  mobile  fund.  If  this  is  its  true  nature  then  any  object  in  which 
it  may  be  imbodied  may  be  a  capital  good.  Moreover  costs  may  be 
neglected.  But  if  the  true  concept  is  that  of  an  aggregate  of  capital 
good,  costs  come  to  the  fore,  and  the  peculiar  significance  of  land 
rent  appears. 

7.  Finally  a  minor  point  in  recent  tendencies  concerns  the  develop- 
ment of  accountancy  and  the  application  of  accounting  methods  to  ec- 
onomic analysis.  From  this  much  is  to  be  hoped  for  in  the  direction  of 
accuracy  and  completeness. 

Ann  Arbor,  Mich.,  April  1910. 
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Grossherz   Saechsische  Gesant   Universitaet,    Bibliothek;    Jena,    Ger- 
many. 
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Institute  Luxembourgeois,  Section  des  Sciences  Naturelles;  Luxem- 
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Istituto  Historico,  Geographico  y  EthynogTaphico ;  Rio  de  Janeiro, 
Brazil. 
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Kansas  Academy  of  Science;  Topeka,  Kansas. 

Kansas  State  Historical  Society  and  Depai-tnieut  of  Arcliives;  Topeka, 
Kansas. 

Kansas  University,  Geological  Survey ;  Lawrence,  Kansas. 

Kautonale  Universitaet,  Bibliothek ;  Bern,  Switzerland. 

Kentucky  State  ( 'ollege,  Agricultural  Experiment  Station ;  I^xington, 
Ky. 

Kjbenbavns  Universitet  Bibliothek ;  Kopenhagen,  Denmark. 

Kongl.  Albertus  Universitaet,  Bibliothek ;  Koenigsberg,  Prussia,  Ger- 
many. 

Kongl.  Alexanders  Uuivei*sitetet  I  Finland,    Bibliothek;    Helsingfors, 
Finland. 

Kongl.    Bayerischen    Ludwig-Max.-Universitaet ;    Munich,    Germany. 

Kongl.  Christiau-Albrechts  Universitaet ;  Kiel,  Germany. 

Kongl.  Eberhard-Karls-Universitaet,  Bibliothek ;  Tuebingen,  Germany. 

Kongl.  Frederiks  Universitet,  Bibliothek;  Christiana,  Norway. 

Kongl.     Friedrich-Alexanders     Universitaet,      Bibliothek ;      Erlangen, 
Bavern,  Germany. 

Kongl.  Friedrich-Wilhelms  Universitaet,  Bibliothek ;  Berlin,  Germany. 

Kongl.   Julius-Maximilians  Universitaet,   Bibliothek;   ^Yurzburg,   Ger- 
many. 

Kongl.  Karolinska  Universitetet,  Bibliotheket ;  Lund,  Sweden. 

Kongl.  L'ngarische  Universitaet,  Bibliothek ;  Budapest,  Hungary. 

Kongl.  Universitaet,  Bibliothek ;  Breslau,  Germany. 

Kongl.  Universitaet,  Bibliothek,  Greifswald,  Germany. 

Kongl.  Universitaet;  Muenster  in  ^Yestfalen,  Preussen,  Germany. 

Kongl.  T'niversitetet  I  Upsala,  Bibliothek ;  Upsala,  Sweden. 

Kongl.  Zoologlsches  Institut,  Friedrich-Wilhelms  Universitaet;  Berlin, 
Germany. 

Kongliga  Svenska  Yetenskap  Akademien ;   Stockholm,  Sweden. 

Laval  University  Library;  Quebec,  Canada. 

Leeds  University  Library ;  Leeds,  England. 

Leland  Stanford  University  Library;  Stanford  University,  Cal. 

Linnean  Scientific  and  Historical  Society;  Lancaster,  Pa. 

Linnean  Society  of  London ;  Burlington  House,  W.,  London,  England. 

Linnean   Society  of  New  South  Wales;  Sydney,  New  South  Wales. 

Linnean  Society  of  New  York;  New  York  City,  N.  Y. 

Literary  and  Scientific  Society;  Ottawa,  Canada. 

Liverpool   Geological   Society;   Liverpool,   England. 

Liverpool  University  Library;  Liverpool,  England. 

Lloyd  Library ;   Cincinnati,  Ohio. 

London  School  Board ;  London,  England. 

McGill  University  Library;  Montreal,  Canada. 

Magyar  Ornithologiai  Koezpont ;   Budapest,  Austria-Hungary. 

K.  Magyar  Term^szettudomanyi  Tarsulat;  Budapest,  Austria-Hungary. 

Maine  LTniversity  Librars' ;  Orono,  Maine. 

Manchester  Geological  Society ;  Manchester,  England. 

Manchester  University  Library;   Manchester,  England. 

Manila   University   Library;   Manila,   Philippine  Islands. 

Manitoba  Historical  and  Scientific  Society ;  Winni{>eg,  Manitoba,  Can- 
ada. 
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Manitoba  Univei-sity  Library;  Winnipeg,  Manitoba,  Canada. 

Marine  Biological  Laboratory;  Wood's  Holl,  Mass. 

Maryland   (Teologieal    Snrvev ;    Baltimore.   Md. 

Massachusetts  Board  of  ('attle  Commissioners;  Boston,  Mass. 

Massachusetts  Horticultural  fc^ociety;  Boston^  Mass. 

Medicinische    Naturwissenschaftliche    section    des    Siebeubuergischen- 
Museum  Verein ;  Klausenburg,  Austria-Hungary. 

Melbourne   University   Library ;   Melbourne,   Australia. 

Michigan  Agricultural   College  Library;  Agricultural  College,  Michi- 
gan. 

Michigan  College  of  Mines  Library ;  Houghton,  Michigan. 

Michigan  State  Normal  Library ;  Marquette,  Michigan. 

Michigan  State  Normal  Library;  Ypsilanti,  Michigan. 

Milwaukee  Public  Museum,  Milwaukee,  Wis. 

Minister  of  Public  Instruction;  Paris,  France. 

Minnesota  Academy  of  Natural  Science;  Minneapolis,  Minn. 

Minnesota    University   Library ;    Minneapolis,    Minn. 

Missouri  Botanical  Garden ;  St.  Louis,  Mo. 

Missouri  Bureau  of  Geology  and  Mines;  Rolla,  Mo. 

Missouri  L'niversity  Library ;  Columbia,  Mo. 

Montana   L'niversity   Library ;   Messoula,   Montana. 

Museo  Civico  di  Storia  Naturale;  Trieste,  Austria-Hungary. 

Museo  Nacional ;   Montevideo,    Uruguay. 

Museo  Nacional  de  Buenos  Aires;  Buenos  Aires,  South  America.- 

Museu   Paraense   de   Historia   Natural;   Para,   Brazil. 

Museu  Paulista ;  San  Paulo,  Brazil. 

Museum  fuer  Natur-u.  Heimatkunde;  Magdeburg,  Germany. 

Museum  of  Geology  and  Archaeology ;  I'riuceton,  N.  J. 

Museum  of  Natural  History ;  Springfield,  Mass. 

National  Academy  of  Sciences;  Washington,  D.  C, 

National  University  Library ;  Athens,  Greece. 

Natural  History  and  Philosophical   Society;  Belfast,  Ireland. 

Natural  History  Society;  Exeter,  New  Hampshire. 

Natural  History  Society ;  Montreal,  Canada. 

Natural  History  Society  of  Glasgow;  Glasgow,  Scotland. 

Natural  History  Society  of  New  Brunswick;   St.  Johns,  New  Bruns- 
wick. 

Natural  History  Society    of    Northumberland;    Newcastle-upon-Tyne, 
England. 

Naturforschende  Gesellschaft ;  Bamburg,  Germany. 

Naturfor-scheude  Gesellschaft ;  Basel,  Switzerland. 

Naturforschende  Gesellschaft;  Bern,  Switzerland. 

Naturforschende  Gesellschaft ;  Gorlitz,  Saxony,  Germany. 

Naturforschende  Gesellschaft ;  Leipzig,  Germany. 

Naturforschende  Gesellschaft  in  Luzern ;  Luzern,  Switzerland. 

Naturforschende  Gesellschaft ;  Zuerich,  Switzerland. 

Naturforschender  Verein ;  Bruenn,  Austria-Hungary. 

Naturhistorisch-Medicinischer  Verein ;  Heidelberg,  Germany. 

Naturhistorische  Gesellschaft;  Hanover,  Prussia,  Germany. 

Naturhistorische  Gesellschaft ;  Nurnburg,  Bavaria,  Germany. 

Naturwissenschaftliche  Gesellschaft;  Chemnitz,  Saxony,  Germany. 
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Naturwissenschaftliclie  Gesellscliaft ;   St.  Gall,  vSwitzerland. 

Naturwissenschaftliclier  Vereiu ;   Bienieii,   Gei-manv. 

Naturwissenschaftlielier  Verein ;  Fraiikfnrt-aii-der-Oder,  Prussia,  Ger- 
many. 

Naturwissenschaftliclier  Vereln;  Hamburg-,  Germany. 

Naturwissenschaftliclier  Yerein ;  Karlsruhe,  Germany. 

Naturwissenschaftliclier  Yerein ;  Lueneburg,  Prussia,  Germany. 

Naturwissenschaftliclier  Yerein ;  Magdeburg-,  Saxony,  Germany. 

Naturwissenschaftliclier  Yerein ;  Osnabrueck,  Prussia,  Germany. 

Naturwissenschaftlicher  Yerein;   Regensburg,   Bavaria,   Germany. 

Naturwissenschaftliclier  Yerein  fuer  Saechsen  u.  Thueringen ;  Halle- 
an-der-Saale,  Prussia,  Germany. 

Naturwissenschaftliclier  Yerein  fuer  Schleswig-Holstein ;  Kiel,  Prus- 
sia, Germany. 

Naturwissenschaftlicher  Yerein  fuer  Schwaben  u.  Neuburg;  Augsburg, 
Germany. 

Naturwissenschaftlicher  Yerein   fuer  Steiermark;   Graz,  Austria. 

Nebraska  University  Library;  Lincoln.  Nebraska. 

Nederlandsche    Entomologische    Yereeniging;    Leiden,    Holland. 

Nevada  T^niversity  Library;   Reno,  Nevada. 

New  York  Academy  of  Medicine;  New  York  City,  N.  Y, 

New  York  Botanical  Gardens;  Bronx  Park,  New  York  City^  N.  Y. 

New  York  Public  Library;  New  York  City,  N.  Y. 

New  York  State  Library ;  Albany,  N.  Y. 

New  York  State  Museum  of  Natural  Historv ;  Albanv,  N.  Y. 

Norges  Geologiske  Undersoegelse ;  Christiania,  Norway. 

Northampton  Institute;  St.  Johns  Street  Road,  London,  England. 

North  Carolina  Geological   Survey;  Raleigh,  North  Carolina. 

North  Carolina  University  Library;  Chapel  Hill,  North  Carolina. 

North  Dakota  Experiment  Station,  Agricultural  College;  Fargo,  N.  D. 

North  Dakota  University  Library;  Grand  Forks,  North  Dakota. 

Northwestern  University  Library ;   Evanston,  Illinois. 

Nova  Scotian  Institute  of  Science;  Halifax,  Nova  Scotia,  Canada. 

Oahu  College;  Honolulu,  Hawaii. 

Oberhessiche  Gesellschaft  fuer  Natur-u.  Heilkunde;  Giessen,  Hesse, 
Germany. 

Oberlin  College  Library ;  Oberlin,  Ohio. 

Observatorio  do  Rio  de  Janeiro ;  Rio  de  Janeiro,  Brazil. 

Oesterreichischer     Reichs-Forst   Verein ;   Wien,  Austria-Hungary. 

Ohio  Mechanics  Institute;  Cincinnati,  Ohio. 

Ohio  State  Academy  of  Science;  Page  Hall,  Ohio  State  Univereity, 
Columbus,  Ohio. 

Ohio   State  Archaeological   and   Historical   Society;  Columbus,   Ohio. 

Ohio  State  University  Library;   Columbus,  Ohio. 

Ohio   Wesleyan   University   Library;    Delaware,    Ohio. 

Oklahoma  University  Library ;  Norman,  Oklahoma. 

Olivet  College  Library;  Olivet,  Michigan. 

Onondaga  Academy  of  Science;  Syracuse,  N.  Y, 

Ontario  ^linister  of  Education ;   Ottawa,   Canada. 

Oregon  University  Library;  Eugene,  Oregon. 

Orto  Botanico;  Palermo,  Italv. 
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Oschshestvo  lestestvo-Ispytalelei  pri  Iiiiper.  Kazanskom  Universitetie; 
Kazan,  Russia. 

Oxford  University  Entomological  Society  ;  Oxford,  England. 

Peabody  Academy  of  Science;  Salem,  Mass. 

Peabodv  Institute  Library;  Baltimore,  Md. 

Peabody  Museum  of  American  Archaeology  and  Ethnology;  Cam- 
bridge. Mass. 

Pennsylvania   Geological   Survey;  Philadelphia,  Pa. 

Pennsylvania  University  Library;  Philadelphia,  Pa. 

Perthshire  Society  of  Natural  Science;  Perth,  Scotland. 

Petermanns,   Dr.   A.,   Geographiache   ]\Iitteilungen ;    Gotha,   Germany. 

Petoskev  Public  I^ibrarv ;  Petoskev,  Michigan. 

Phillips  Academy,   Department  of  Archaeology;   Andover,   Mass. 

Philosophical  Society  of  GlasgOAv ;  GlasgoAv,  Scotland. 

Popular  Science  Monthly;  Sub-station  84,  New  York  (Mty,  N.  Y, 

Portland  Society  of  Natural  History;  Portland,  Maine. 

Princeton  Academy  of  Science;  Princeton,  111. 

Princeton    University   Library ;   Princeton,   New   Jersey. 

Provinzial-^'erein  fuer  Wissenschaft-u.  Kunst ;  Muenster.  Prussia, 
Germany. 

Public  Gardens  and  Plantations;  Gordon  Town.  Jamaica. 

Public  Library;  Bay  City,  Michigan. 

Public  Library ;  Traverse  City,  Michigan. 

Public  Library  and   ^Museum ;   Brighton,  P^nglaud. 

Public    School   Library ;   Adrian,   Michigan. 

Purdue  University  Library ;  Lafayette,   Indiana. 

Queen's  College  Library;  Belfast,  Ireland. 

Queen's   College   Library ;   Galway,   Ireland. 

Queen's  L'niversity   Library;   Kingston.   Canada. 

Real  Academica  de  Ciencias  Exactes,  Fisicas  y  Natureals;  Madrid, 
Spain. 

Real  Academia  de  Ciencias  y  Artes;  Barcelona,  Spain. 

R.  Accademia  delle  Scienze  e  Belle  Lettere ;  Naples,  Italy. 

R.  Accademia  di  Scienze,  Lettere  ed  Art ;  Padua,  Italy. 

R.  Accademia  di  Scienze,  Lettere  Bell-Arti ;  I*alermo,  Italy. 

Regia  Superiore  d'  Agricoltura  Biblioteca ;  Portici,  Italy. 

Regia  Universita  degli  Studi,  Biblioteca,  Bologna,  Italy. 

Regia  Universita  degli  Studi ;  Genoa,  Italy. 

Regia  Universita  degli  Naples,  Biblioteca;  Naples,  Italy. 

Regia  Universita  degli  Studi,  Biblioteca;  Padua,  Italy. 

Regia  Universita  degli  Studi,  Biblioteca;  Palermo,  Italy. 

Regia  Universita  degli  Studi,  Biblioteca;  I'arma,  Italy. 

Regia   Universita   degii   Studi,   Biblioteca;   Pavia,  Itah'. 

Regia  I^niversitji  degli  Studi,  Biblioteca;  Pisa,  Italy. 

Rigia  Universita  degli   Studi,  Biblioteca  ;  Rome,  Italy. 

Regia  Universita  degii  Studi,  Biblioteca;  Turin,  Italy. 

Regio  Istituto  Veneto  di  Scienze;  Venice,  Italy. 

Rheinische  Friedrich-Wilhelms  Universitaet,  Bibliothek;  Bonn,  Ger- 
many. 

Rijksuniversiteit,  Bibliothek;  Groniugen,  Holland. 

Rijks  Universiteit,  Bibliothek;  Leiden,  Holland. 
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Rijks  Universiteit,  Bibliotliek;  Utrecht,  Holland. 
Rivista  Argentina ;  La  I'lata,  t^outh  America. 
Rivista  Italiana  di  Scieuze  Xaturali;  ^?iena,  Italy. 
Rochester  Academy   of   j^cience;   Rochester.   New  York. 
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Astronomical  Society  of  Canada ;  Toronto,  Canada. 

Botanic  Garden ;   Edinburgh,  Scotland. 

Botanic  Garden ;  Kew.  England. 

Botanic  Garden;  Sibpur,  Near  Calcutta,  India. 

Botanic  Society;  Inner  Circle,  Regents  Park,  London,  England. 

Dublin  Society;  Dublin,  Ireland. 

Geographical  Society ;  London,  England. 

GeogTaphical  Society  of  Australasia ;  Adelaide,  South  Australia. 

Geological  Society  of  Cornwall ;  Penzance,  England. 

Irish  Academy;  Dublin,  Ireland. 

Istituto  Botanico;   Palermo,  Italy. 

London  Ophthalmic  Hospital;  City  Road,  E.  C.  London,  Eng- 


Medical  and  Chirurgical  Society ;  London,  England. 

Microscopical  Society ;  Kines  College,  W.  C.  Loudon,  England. 

Society  of  Arts;  John   St.,  Adelphia,  London,   England. 

Society  of  Canada ;  Ottawa,  Canada. 

Society  of  Edinburgh ;  Edinburgh,  Scotland. 

Society  of  New  South  Wales;  Sydney,  New  South  Wales. 

Society  of  Queensland ;  Brisbane.  Queensland,  Australia. 

Society  of  South  Australia;  Adelaide,  South  Australia. 

Society  of  Tasmania ;  Hobarton,  Tasmania,  Australia. 

Society  of  Victoria ;  Melbourne,  New  South  Wales. 
Saellskepet  pro  Fauna  et  Flora  Fennica ;  Helsingfors,  Finland. 
Sage  Library;  Bay  City,  ^Micliigan. 
Saginaw  E.  Side  Public  Library,  SaginaAV,  Michigan. 
St.  Andrews  University  Library;   St.  Andrews,  Scotland. 
St.  Francis  Xavier's  College;  Antigonish,  Nova   Scotia,  Canada. 
St.  Louis  Academy  of  Science,  St.  Louis,  Mo. 
San  Diego  Society  of  Natural  History;  San  Diego,  California. 
School  of  Mines;  Ballerat,  Victoria,  Australia. 
Schweizer  Entomologischen  Gesellschaft ;   Bern,  Switzerland. 
Schweizerischer   Forst-Verein ;    Zurich,    Switzerland. 
Scottish  Natural  History  Society;  Edinburgh,  Scotland. 
Seattle  Public  Library;  Seattle,  Washington. 
Sheitield   University  Library ;   Sheffield,   England. 
Smith  College  Library ;  Northam])ton,  Mass. 
Smithsonian  Institution ;  Washington,  D.  C. 
Sociedad  Agricola  Mexicana ;  Mexico  City,  Mexico. 
Sociedad  Cientifica  '-Antonio  Alzate;"  Mexico  City,  Mexico. 
Sociedad   Cientifica   Argentina;   Buenos   Aires,   Argentine  Republic. 
Sociedad  de  Ciencias  Fisicas  y  Naturales;  ('aracas,  Venezuela. 
Sociedade  de  Geographica ;  Rio  de  Janeiro,  Brazil. 
Sociedad  Mexicano  de  Historia  Natural ;  Mexico  City,  Mexico. 
Sociedad  Scientifica;  San  Paulo,  Brazil. 

Societa  Adriatica  di  Scieuze  Naturali ;  Ti'ieste,  Austria-Hungary. 
Societa  Entomological  Italiana ;  Florence,  Italy. 
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Societa  Italiana  delle  Scieuze;  Rome,  Italy. 

Society  Italiana  di  Scieuze  Naturali;  Milan,  Italy, 

Societi\  Toscana  di  Scienze  Naturali;  Pisa,  Italy. 

Societas  pro  Fauna  et  Flora  Fennieca ;  Helsingfors,  Finland. 

Soci^t^  Beige  d'  Astronomie;  Bruxelles,  Belgium. 

Soci^te  Beige  de  Geographie;  Bruxelles,  Belgium. 

Soci^te  Beige  de  Geologie;  Bruxelles,  Belgium. 

Soci^t(5  de  Bilogique ;  Paris,  France. 

Soci^te  de  Botanique  du  Grand-Duclie  de  Luxembourg;  Luxemburg, 
France. 

Soci(?te  de  Geographie;  Toulouse,  France. 

Soci(§t(5  des  Naturalistes  de  Bessarbie;  Kiscliinew,  liussia. 

Soci^t^  des  Sciences,  Agriculture  et  Arts  de  la  Basse-Alsace;  Strass- 
burg,  Germany. 

Soci(5t^  de  Sciences  de  Nancy,  Nancy,  Frta;ce. 

Soci^te  des  Sciences  Historiques  et  Naturelles  de  la  Corse;  Bastia, 
France. 

Soci6t6  des  Sciences  Historiques  et  Naturelles  de  TYonne;  Auxerre, 
France. 

Societe  des  Sciences  Naturelles;  Neuchatel,  Switzerland. 

Society  des  Sciences  Naturelles;  Versailles,  France. 

Societe  des  Sciences  Physiques  et  Naturelles;  Zurich,  Switzerland. 

Societe  Entomologique  de  Belgique;  Bruxelles,  Belgium. 

Society  Entomologique  de  France;  Paris,  France. 

Soci^t^  G^ologique  de  Belgique;  Liege,  Belgium. 

Soci(5t(S  G^ologique  de  France;  Paris,  France. 

Societe  d'Histoire  Naturelle;  Autun,  France. 

Soci^td  d'Horticulture  et  de  Botanique;  Havre,  France. 

Soci^t^  d'Horticulture  et  de  Botanique,  Marseilles,  France. 

Societe  Liuneenne  de  Bordeaux;  Bordeaux,  France. 

Society  Liuneenne  de  Lyon ;  Lyon,  France. 

Societe  Linneenne  de  Normandie;  Caen,  France. 

SocitSte  Linneenne  du  Nord  de  la  France;  Amiens,  France. 

Soci«?te  Nationale  des  Sciences  Naturelles;  Cherbourg.  France. 

Soci^t6  Koyale  de  Botanique  de  Belgique;  Bruxelles,  Belgium. 

Societe  Royale  des  Sciences :  Liege,  Belgium. 

Societe  Eoyale  Linneenne  de  Bruxelles;  Bruxelles,  Belgium. 

Society  Scientifique  de  Bruxelles;   Bruxelles,  Belgium. 

Society  Scientiflque  de  Chevtshenko ;  Lemberg,  Austria-Hungary. 

Societe  Zoologique  de   France;   Paris,   France. 

South  African  Association  for  the  Advancement  of  Science;  Johannes- 
burg, South  Africa. 

South  African  Journal  of  Science;  Cape  Town,  South  Africa. 

South  Dakota  Geological  Survey;  Vermillion,  South  Dakota. 

State  Historical  Society  of  South  Dakota;  Pierre,  South  Dakota. 

Staten  Island  Association  of  Ai'ts  and  Sciences;  New  Brighton.  New- 
York. 

Sydney  University  Library;  Sydney,  New  South  Wales. 

Tacoma  Academy  of  Science;  Tacoma,  Washington. 

Texas  Academy  of  Science;  Austin,  Texas. 

Texas  University   Library;   Austin,   Texas. 
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Tokio   Imperial   Museum,    Department    of    Natural    History;    Tokio, 
Japan. 

Toronto    University    Library;    Toronto,    Canada. 

Torrey  Botanical  Club,  Columbia  University;  New  York  City,  N.  Y. 

Trenton   Natural   History   Society;  Trenton,  New  Jei-sey. 

Trinity    College   Library;    Dublin,    Ireland. 

Trinity  L^niversity  Library ;  Toronto,  Canada. 

Tufts  College  Library;  Tufts  College,  Mass. 

Ufificio  Centrale  Meteorologico  e  Geodinamico;  Rome,  Italy. 

U.  S.  Department  of  Agriculture  Library ;  Washington,  D.  C. 

U.   S.  Geological   Survey;  Washington,  D.  C. 

U.  S.  Naval  Observatory  Library;  Washington,  D.  C. 

U.  S.  Surgeon  Generals  Office-Library;  Washington,  D.  C. 

Universidad   Central   de   Esjjana,    Biblioteca;    Madrid,   Spain. 

Universidad  de  Barcelona,  Bibliotheca;  Barcelona,  Spain. 

Univei-sidad  de  ("hile,  Biblioteca;   Santiago,  Chile. 

Universidad  Literaria  de  Zaragoza;   Zaragoza,  Spain. 

Universidad  Mayor  de  San  Marcos  de  Lima,  Biblioteca;  Lima,  Peru. 

Universidad  Nacional,  Bibliotheca ;  Buenos  Aires,  Argentine  Republic. 

Universidad  Nacional,  Bibliotheca ;  La  Plata,  Argentine  Republic. 

Universidade  de  Coimbra,  Bibliothek ;  Coimbra,  Portugal. 

Universita   Commerciale  Luigi   Bocconi ;   Milan   Italy. 

Universitaet  Leipzig,  Bibliothek ;  Leipzig,  Germany. 

Universitaet  Marburg,  Bibliothek;  Marburg,  Germany. 

Universitaet    Montevideo,    Biblioteca;    Montevideo,    ITruguay,    South 
America. 

Universitaet  von  Rostock,  Bibliothek;  Rostock,  Germany. 

University  de  Bordeaux,  Bibliotheque;  Bordeaux,  France. 

University  de  Grenoble,  Bibliotheque;  Grenoble,  Is^re,  France. 

LTniversite  de  Liege,  Bibliotheque;  Liege,  Belgium. 

University  de  Lille,  Bibliotheque;  Lille,  France. 

Univer-site  de  Lyon,  Bibliotheque;  Lyon,  France. 

Universite  de  Montpellier,  Bibliotheque;  Montpellier,  France. 

Universite  de  Nancy,  Bibliotheque;  Nancy,  France. 

L^niversite  de  Paris,  Bibliotheque;  Paris,  France. 

Universite  de  Rennes,  Bibliotheque;  Rennes,  France. 

Universite  de  Toulouse,  Bibliotheque;  Toulouse,  France. 

Universiteits  Bibliotheek ;  Amsterdam,  Netherlands. 

Universite  Libre  de  Bruxelles,  Bib]iothe(iue ;   Bruxelles,  Belgium. 

Universitatea  din  Bukarest,  Bibliothek ;  Bukarest,  Roumania. 

University  College  Library;  Auckland.  New  Zealand. 

University'  of  New  Mexico;  Albuquerque,  New  Mexico. 

University  of  Vermont  Library;  Burlington,  Vt. 

University  of  Mexico  Library ;  Mexico  City,  Mexico. 
Verein   fuer   Geographic  und   Statistik ;   Fraukfurt-am-Main,   Prussia, 
Germany. 

Verein  fuer  Naturkunde;  Oflfenbach.  Baden,  Germany. 

Verein  fuer  Naturwissenschaften ;   Braunschweig,  Germany. 

Verein    z.    Verbreitung   Narutwissens    chaftlicher    Kenutnisse;    Wieu. 
Austria-Hungary. 

Vereinigate  Friedrichs-Universitaet,  Bibliothek ;   Halle,  Germany. 
21 
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Victoria   and  Albeit   Mnseiiiii ;   Bombay,  India. 

Victoria  Institute;  I'ort  of  Spain,  Trinidad. 

Victoria  Univeivsitv  Library:  Toronto,  Canada. 

Virginia  University  Library;  Charlottesville,  A'a. 

Wagner   Free  Institute    of    Science;    Philadelphia,    Pa. 

Washington  Academy  of  Sciences;  Washington,  I).  C. 

Washington   and  Lee  University   Library;   Lexington,   Kentucky. 

Washington  Anthropological   Society;  Washington,  I).  C. 

Washington  Philosophical  Society;  Washington,  I).  C. 

Washington  University  Library;  Seattle,  Washington. 

AVashington  University  Library ;  St.  Louis,  Mo. 

Western  Keserve  University  Library ;   Cleveland,  Ohio. 

Western  State  Normal  School  Library;  Kalamazoo,  Michigan. 

Wisconsin  Academy  of  Science;  Madison,  Wis. 

Wisconsin   University  Library ;   Madison,  Wis. 

Worcester  Natural  History  Society;  Worcester,  Mass. 

Yale  LTniversity  Forestry   School ;  NeAv  Haven,  Conn. 

Yale  University'  Library;  Xew  Haven,  Conn. 

Yale  LTniversity  Observatory ;  Xew  Haven,  Conn. 

Yorkshire  Geological  and  Polytechnical  Society,  Halifax,  England. 

Zentral-Bibliothek ;  Munich,  Germany. 

Zoological  Society ;  Fairmount  Park,  Philadelphia,  Pa. 

Zoologischer  Anzeiger,  Leipzig,  Germany. 

Zurich  University  Library;  Zurich,  Switzerland. 
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CONSTITUTION 

OF 

THE  MICHIGAN  ACADEMY  OF  SCIENCE.* 


ARTICLE  I. 
This  Society  sliall  be  kiioAvn  as  ''The  ^Michigan  Academy  op  Science.^^ 

« 

ARTICLE  II:    Objects. 

The  objects  of  this  Academy  shall  be  scientific  research  aud  the  diffu- 
sion of  knowledge  concerning-  the  various  departments  of  science. 


ARTICLE  III:     Membership. 

The  Academy  shall  be  composed  of  Resident  Members,  CoiTesponding 
Memhers,  Honorarji  Afembers,  Patrons  and  Affiliated  Societies. 

1.  Resident  Members  shall  be  persons  Avho  are  interested  in  scientific 
work  and  resident  in  the  State  of  Michigan. 

2.  Corresponding  Members  shall  be  pei'sons  interested  in  science,  and 
not  resident  in  the  State  of  Michigan. 

3.  Honorary  Members  shall  be  j^ersons  distinguished  for  their  attain- 
ments in  science,  and  not  resident  in  the  State  of  ^lichigan,  and  shall 
not  exceed  twenty-five  in  number. 

4.  Patrons  shall  be  persons  Avho  have  bestowed  important  favors  upon 
the  Academy,  as  defined  in  Chapter  I,  Paragraph  4  of  the  By-Laws. 

5.  Resident  Members  alone  shall  be  entitled  to  vote  and  hold  office  in 
the  Academy. 

6.  An  affiliated  society  shall  be  a  society  accepted  by  the  Council  of 
the  Academy,  subject  to  ratification  by  the  Academy  at  its  next  regular 
meeting  as  having  as  a  principal  object  the  promotion  of  scientific  re- 
search in  some  line  or  lines,  or  the  diffusion  of  scientific  results  in 
Michigan.  Such  a  Society  shall  qualify  as  a  member  exactly  as  an 
individual  member  and  shall  exercise  its  right  of  membership  through  a 
delegate  duly  certified  by  the  secretain-  of  said  society.  Said  delegate 
shall  have  all  the  rights  of  any  resident  member,  except  that  the  publi- 
cations of  the  Academy  shall  be  sent  to  the  affiliated  society  as  such 
as  long  as  the  dues  of  said  society  are  paid  and  the  secretary  of  the 
Academy  not  notified  of  the  selection  of  a  successor,  and  in  case  such 
society  contains  not  less  than  eight  resident  members  of  the  Academy 
such  delegate  shall  ex-officio  be  a  member  of  the  Council  of  the  Academy, 
as  hereafter  provided.     And  hereafter  in  this  constitution  and  by-laws 

*The  history  of  the  Academy  will  be  found   in  the  First  Annual  Report. 
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the  word  ''Kesident  Member"  shall  be  imder.stood  to  include  also  said 
delegates,  iiiiless  otherwise  expressly  stated. 


ARTICLE  IV:     Officers. 

1.  The  officers  of  the  Academy  shall  consist  of  a  President,  a  Vice 
President  of  each  section  that  may  be  organized,  a  Secretary  and  a 
Treasurer. 

These  officers  and  all  j>ast  presidents  shall  constitute  an  Executive 
Committee,  which  shall  be  called  the  Council. 

2.  The  President  shall  discharge  the  usual  duties  of  a  presiding  officer 
at  all  meetings  of  the  Academy,  and  of  the  Council.  He  shall  take  cog- 
nizance of  the  acts  of  the  Academy  and  of  its  officers,  delegates  of  affili- 
ated societies,  containing  a  sufficient  number  of  members  of  the  Acad- 
emy, as  pro\ided  in  Article  III,  and  cause  the  ]>rovisions  of  the  consti- 
tution and  By-Laws  to  be  faithfully  carried  into  effect.  He  shall  also 
give  an  address  to  the  Academy  at  the  closing  meeting  of  the  year  for 
which  he  is  elected. 

3.  The  duties  of  the  President  in  case  of  his  absence  or  disability 
shall  be  assumed  by  one  of  the  Vice  Presidents  who  shall  be  designated 
by  the  Council. 

The  Vice  Presidents  shall  be  chairmen  of  their  respective  sections. 
They  shall  encourage  and  direct  research  in  the  special  branches  of 
science  included  within  the  Sections  over  which  they  preside. 

4.  The  Secretary  shall  keep  the  records  of  the  proceedings  of  the 
Academy  and  a  complete  list  of  the  members,  with  the  dates  of  their  elec- 
tion and  disconnection  with  the  Academy.  He  shall  also  be  the  Secre- 
tary of  the  Council. 

The  Secretary  shall  co-operate  with  the  President  in  attending  to  the 
ordinary  affairs  of  the  Society.  He  shall  attend  to  the  preparations, 
printing  and  mailing  of  circulars,  blanks  and  notifications  of  elections 
and  meetings.  He  shall  superintend  other  printing  ordered  by  the 
Academy,  or  by  the  President,  and  shall  have  charge  of  its  distribution 
under  the  direction  of  the  Council. 

The  Secretary,  unless  other  provision  be  made,  shall  also  act  as  Editor 
of  the  publications  of  the  Academy  and  as  Librarian  and  Custodian  of 
property, 

5.  The  Treasurer  shall  have  the  custody  of  all  funds  of  the  Academy. 
He  shall  keep  an  account  of  receipts  and  disbursements  in  detail,  and 
this  account  shall  be  audited  as  hereinafter  provided. 

6.  The  Academy  may  elect  an  Editor  to  supervise  all  matters  con- 
nected with  the  publication  of  the  transactions  of  the  Academy,  under 
the  direction  of  the  Council,  and  to  perform  the  duties  of  Librarian 
until  such  time  as  the  Academy  shall  make  that  an  independent  office. 

7.  The  Council  is  clothed  with  executive  authority,  and  with  the  leg- 
islative ix)wers  of  the  Academy  in  the  intervals  between  the  latter's 
meetings;  but  no  extraordinary  act  of  the  Council  shall  remain  in  force 
beyond  the  next  following  stated  meeting,  without  ratification  by  the 
Academy.  The  Council  shall  have  control  of  the  publications  of  the 
Academy,  under  the  provisions  of  the  By-Laws  and  of  the  resolutions 
from  time  to  time  adopted.     It  shall  receive  nominations  for  members, 
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and  on  approval,  shall  submit  such  nominations  to  the  Academy  for 
action.  It  shall  have  jtoAvei-  to  fill  vacancies  ad  interim,  in  any  of  the 
offices  of  the  Academy. 

8.  TioR^rs  OF  Office.  The  President,  Vice  President,  Secretary,  Treas- 
rirer  and  Editor  shall  be  elected  annually,  and  be  eligible  to  re-election 
without  limitation.  Delegates  shall  remain  members  of  the  Council  as 
long  as  ((ualilied,  according  to  Article  III. 


AKTK'LE  V:     Voting  and  Elections. 

1.  AH  ejections  shall  be  by  ballot.  To  elect  a  Resident  Member,  Corre- 
sponding Member,  Honorary  Member  or  Patron  or  impose  any  special 
lax  shall  reipiire  the  assent  of  three-fourths  of  all  Resident  Members 
voting. 

2.  Any  member  may  be  exjielled  by  a  vote  of  nine-tenths  of  all  mem- 
bers noting,  provided  notice  that  such  a  movement  is  contemplated  be 
given  at  <i  meeting  of  the  Academy  three  months  previous  to  such  action. 

r;.  ETfrcTioN  OP  Members.  Nominations  for  Resident  membership  shall 
be  made  by  two  Resident  IMembers,  according  to  a  form  to  be  provided  by 
the  Couiu^il.  One  of  these  Resident  Members  must  be  personally  ac- 
(piaiuted  N\ith  the  nominee  and  his  qualifications  for  membership.  The 
Council  shall  submit  the  nominations  received  by  them,  if  approved,  to 
a  \<>te  of  the  Academy  at  a  regular  meeting. 

4.  Eij:otion  of  Officers.  Nominations  for  office  shall  be  made  by 
the  Council  as  provided  in  the  Ry-Laws.  The  nominations  shall  be  sub- 
mitted to  a  vote  of  the  Academy  at  its  winter  [annual]  meeting.  The 
ofiicers  tluis  elected  shall  enter  upon  duty  at  the  adjournment  of  the 
meeting. 

5.  At  the  meeting  in  ^hich  this  constitution  is  adopted  the  officers 
for  the  ensuing  year  shall  be  elected  in  such  manner  as  the  academy  may 
determine. 

ARTICLE  VI:     Meetings. 

1.  The  Academy  shall  hold  at  least  two  stated  meetings  a  year — a 
fiioxnier  [or  Field]  Meeting,  and  a  Winter  [or  Annual]  Meeting.  The 
date  and  place  of  each  meeting  shall  be  fixed  by  the  Council,  and  an- 
nounced by  circular  at  least  three  months  l>efore  the  meeting.  The  pro- 
gramme of  each  meeting  shall  be  determined  by  the  Council,  and  an- 
nounced beforehand,  in  its  general  features.  The  details  of  the  daily 
sessions  shall  also  be  arranged  by  the  Council. 

2.  All  members  must  forward  to  the  Secretary,  if  possible,  before  the 
convening  of  the  Academy,  full  title  of  all  paj^ers  which  they  propose  to 
present  during  the  meeting,  with  a  statement  of  the  time  that  each  will 
occupy  in  delivery  and  a  brief  abstract  of  their  contents.  From  the  ab- 
stracts thus  presented,  the  Council  will  determine  the  fitness  of  the  paper 
for  the  programme. 

3.  This  section  stricken   out  A\m]   1,  1898. 

4.  Special  Meeting  of  the  Academy  may  be  called  by  the  Council,  and 
must  be  called  upon  the  written  request  of  twenty  Resident  Membei's, 

5.  Stated  ^Meetings  op  the  Council  shall  be  held  coincidently  with 
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the  stated  meetings  of  the  Academy.  Special  meetings  of  the  Council 
may  be  called  by  the  President  at  such  times  as  he  may  deem  necessary. 
6.  Quorum.  At  meetings  of  the  Academy  a  majority  of  those  reg- 
istered in  attendance  shall  constitute  a  quorum.  Four  members  shall 
constitute  a  quorum  of  the  council. 


ARTICLE  VII :     Publications. 

The  publications  of  the  Academy  shall  be  under  the  immediate  control 
of  the  Council,  but  the  Council  shall  accord  to  each  author  the  right 
under  proper  restrictions,  to  publish  through  whatever  channel  he  may 
choose. 

ARTICLE   VIII:      Sections. 

Members  not  less  than  eight  in  number  may  by  special  permission  of 
the  Academy  unite  to  form  a  section  for  the  investigation  of  any  branch 
of  science.  Each  section  shall  bear  the  name  of  the  science  which  it  rep- 
resents, thus:  The  Section  of  (Agriculture)  of  the  Michigan  Academy 
of  Science. 

2.  Each  section  is  empowered  to  perfect  its  own  organization  as  lim- 
ited by  the  Constitution  and  By-Laws  of  the  Academy. 


ARTICLE  IX :     AMENoivrENTS. 

This  Constitution  may  be  amended  at  any  winter   [Annual]   meeting 
by  a  three-fourths  vote  of  all  the  Resident  Members  present. 


BY-LAWS. 

CHAPTER  I:     Membership. 

1.  No  person  shall  be  accepted  as  a  Resident  Member  unless  he  pay 
the  dues  for  the  year  within  three  months  after  notification  of  his  elec- 
tion. An  affiliated  society,  after  the  secretary  has  been  notified  that  it 
will  be  accepted  as  affiliated  shall  also  be  expected  to  pay  the  annual 
dues,  but  a  commutation  of  twenty-live  dollars  shall  be  accepted  for  a 
permanent  membership.  The  annual  dues  shall  be  one  (1)  dollar,  pay- 
able on  or  before  the  annual  meeting  in  advance;  but  a  single  prepay- 
ment of  twentv-five  (25)  dollars  shall  be  accepted  as  commutation  for 
life. 

2.  The  sums  paid  in  commutation  of  dues  shall  be  invested,  and  the  in- 
terest used  for  the  ordinary  purposes  of  the  Academy  during  the  payer's 
life,  but  after  his  death  the  sum  shall  be  covered  into  the  Research  Fund. 

3.  An  arrearage  in  payment  of  annual  dues  shall  deprive  a  Resident 
Member  of  the  privilege  of  taking  part  in  the  management  of  the  Acad- 
emy and  of  receiving  the  publications  of  the  Academy.     An  arrearage 
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continuing  over  two  (2)  rears  shall  be  construed  as  notification  of  with- 
drawal. 

4.  Any  person  eligible  under  Article  III  of  the  Constitution  may  be 
elected  Patron  upon  the  payment  of  one  hundred  (100)  dollars  to  the 
Research  Fund  of  the  Academy. 


CHAPTER  II:     Officials. 

1.  The  President  shall  countersign,  if  he  ajiprores,  all  duly  authorized 
accounts  and  orders  drawn  on  the  Treasurer  for  the  disbursement  of 
money. 

2.  The  Secretary,  until  otherwise  ordered  by  the  Academy,  shall  per- 
form the  duties  of  Editor,  Librarian  and  Custodian  of  the  property  of 
the  Society. 

3.  The  Academy  may  elect  an  Assistant  Secretary. 

4.  The  Treasurer  shall  give  bonds,  with  two  good  sureties  approved 
by  the  Council,  in  the  sum  of  five  hundred  dollars,  for  the  faithful  and 
honest  i^erformance  of  his  duties,  and  the  safe-keeping  of  the  funds  of 
the  Academy.  He  may  deposit  the  funds  in  bank  at  his  discretion,  but 
shall  not  invest  them  without  the  authority  of  the  Council.  His  accounts 
shall  be  balanced  on  the  first  dav  of  the  Annual  Meeting  of  each.  vear. 

5.  The  minutes  of  the  proceedings  of  the  Council  shall  be  subject  to 
call  by  the  Academy. 


CHAPTER   III:     Election   of   Members. 

1.  Nominations  for  Resident  Membership  may  be  proposed  at  any 
time  on  blanks  to  be  supplied  by  the  Secretary. 

2.  The  form  for  the  nomination  of  Resident  Members  shall  be  as  fol- 
lows : 

In  accordance  with  his  desire,  we  respectfully  nominate  for  Resident 
Member  of  the  Michigan  Academy  of  Science. 

(Full  name) 

(Address) 

(Occupation) 

(Branch  of  science  interested  in.  Avork  already  done,  and  publications, 
if  any) 

(Signed  by  at  least  two  Resident  Members.) 

The  form  when  filled  is  to  be  transmitted  to  the  Secretary. 

3.  The  Secretary  shall  bring  all  nominations  before  the  Council  at 
either  the  winter  [Annual]  or  summer  [Field]  meeting  of  the  Academy, 
and  the  Council  shall  signify  its  approval  or  disapproval  of  each.  (The 
Secretary  is  delegated  the  power,  by  general  action  of  the  Academy,  to 
accept,  subject  to  the  ratification  of  the  Academy  at  its  next  meeting, 
applicants  at  any  time  upon  the  recommendation  of  two  members,  as  now 
practiced,  and  upon  the  payment  of  one  dollar,  which  shall  cover  the 
annual  dues  for  the  year  in  which  it  is  paid,  and  that  onlv.) 

(Minutes,   1907.) 

4.  At  the  same  or  next  stated  meeting  of  the  Academy,  the  Secretary 
shall  present  the  list  of  candidates  to  the  Academy  for  election. 
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5.  Corresponding  ^lenibers.  Honorary  Members,  and  Patrons  shall  be 
nominated  by  the  Conncil,  and  shall  be  elected  in  the  same  manner  as 
Kesident  Members. 


CHAPTER   IV:     Election  of  Officers. 

Section  1.  At  the  Annual  Meeting-  the  election  of  officers  shall  take 
place  and  the  officers  elected  shall  enter  on  their  duties  at  the  end  of  the 
meeting. 

Section  2.  The  Council  shall  nominate  a  candidate  for  each  office,  but 
each  Section  may  recommend  to  the  Council  a  candidate  for  its  Vice 
President.  Additional  nominations  may  be  made  by  any  member  of  the 
Academy.     All  elections  shall  be  made  by  ballot. 


CHAPTER  V :    Financial  Methods. 

1.  No  pecuniary  obligation  shall  be  contracted  without  express  sanc- 
tion of  the  Academy  or  the  Council.  But  it  is  to  be  understood  that  all 
ordinary  incidental  and  running  expenses  have  the  permanent  sanction 
of  the  Academy,  without  special  action. 

2.  The  creditor  of  the  Academy  must  present  to  the  Treasurer  a  fully 
itemized  bill,  certified  by  the  official  ordering  it,  and  appwved  by  the 
President.  The  Treasurer  shall  then  pay  the  amount  out  of  any  funds 
not  otherwise  appropriated,  and  the  receipted  bill  shall  be  held  as  his 
voucher. 

3.  At  each  annual  meeting  the  President  shall  call  upon  the  Academy 
to  choose  two  members,  not  members  of  the  Council,  to  whom  shall  be 
referred  the  books  of  the  Treasurer,  duly  posted  and  balanced  to  the 
jlrst  day  of  the  Annual  fleeting  as  specified  in  the  By-Laws,  Chapter 
lllj  Paragraph  4.  These  Auditors  shall  examine  the  accounts  and 
vouchers  of  the  Treasurer,  and  any  member  or  members  of  the  Council 
mny  be  present  during  the  examination.  The  report  of  the  Auditors 
shall  be  rendered  to  the  Academy  before  the  adjournment  of  the  meet- 
ing and  the  Academy  shall  take  appropriate  action. 


CHAPTER  VI :     Publications. 

1.  The  publications  are  in  charge  of  the  Council  and  under  their  con- 
trol, limited  only  as  given  by  Article  VII  of  the  Constitution. 

2.  One  copy  of  each  publication  shall  be  sent  to  each  Resident  Mem- 
ber, Corresponding  Member,  Honorary  Member,  and  Patron,  and  each 
author  shall  receive  fifty  copies  of  his  memoir.  This  provision  shall  not 
be  understood  as  including  publication  in  journals  not  controlled  by 
the  Academy,  [By  recent  niling,  authors  receive  no  reprints  free.  If 
reprints  are  wanted  the  academy  will  pay  two-thirds  if  the  author  pays 
one-third  the  cost  of  printing  not  to  exceed  fifty  copies.  The  author 
mav  have  as  inanv  more  than  fifty  provided  he  bears  the  whole  expense 
of  those  above  fifty.]       (Minutes 'of  1906.) 
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CHAPTER  VII:     The  Research  Fund. 

1.  Tiie  Research  Fund  shall  consist  of  moneys  paid  by  the  general 
public  for  publications  of  the  Academy,  of  donations  made  in  aid  of 
research,  and  of  the  sums  paid  in  commutation  of  dues  according  to  the 
By-Laws,  Chapter  I,  Paragraphs  2  and  4. 

2.  Donors  to  this  fund  not  members  of  the  Academy,  in  the  sum  of 
twenty-five  dollars,  shall  be  entitled  without  charge  to  the  publications 
subsequently  appearing. 


CHAPTER   VIII.     Order  of   Business. 

1.  The  order  of  business  at  the  Winter   [Annual]    Meetings  shall  be 
as  follows: 

(1)  Call  to  order  by  the  presiding  officer. 

(2)  Introductory  ceremonies. 

(3)  Statements  by  the  President. 

(4)  Report  by  the  Council. 

(5)  Report  of  the  Treasurer,  and  appointment  of  the  Auditing  Com- 

mittee. 

(6)  Election  of  officers  of  the  next  ensuing  administration. 

(7)  Election  of  members. 

(8)  Announcement  of  the  hour  and  place  for  the  address  of  the  re- 

tiring President. 

(9)  Necrological  notices. 

(10)  Miscellaneous  announcements. 

(11)  Business  motions  and  resolutions,  and  disposal  thereof. 

(12)  Reports  of  committees  and  disposal  thereof. 

(13)  Miscellaneous  motions  and  resolutions. 

(14)  Presentation  of  memoirs. 

2.  At  an  adjourned  session,  the  order  shall  be  resumed  at  the  place 
reached  on  the  previous  adjournment,  but  new  announcements,  motions 
and  resolutions  will  be  in  order  before  the  resumption  of  the  business 
pending  at  the  adjournment  of  the  last  preceding  session. 

3.  At  the  Sumnver  [F/eM]  Meeting  the  items  of  business  under  num- 
bers (5),   (6),   (8),   (9),  shall  be  omitted. 

4.  At  any  Special  Meeting  the  Order  of  Business  shall  be  (1),  (2), 
(3),  (7),  (10),  followed  by  the  special  business  for  which  the  meeting 
was  called. 

CHAPTER     IX:       AMiENDMENTS. 

These  Bv-Laws  mav  be  amended  bv  a  maioritv  vote  of  the  members 
present  at  any  regular  meeting. 
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